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ABSTRACT 


Bubble memory iS an emerging technology that is only 
Poo mm tO realize it's potential. The unique properties 
that this memory system possesses provides advantages in 
many Situations. Bubble memory is non-volatile, solid state, 
mgevenyeducanle, In addition this memory has a high density 
anda fase access time. These attributes are excellent for 
the non-ideal conditions found in industry and the military. 

Mayes thesis presents an implementation of an iSBC 254 
BubbltesMemory System as a disk resource in a standard 
ilcrocomemcer environment. An Intel 8086 microprocessor is 
used as the host executing under Digital Research's CP/M-86 
Seemadtumensyseem. Ihis implementation 1s completely 
@eansparent to the user and requires no additional disk 


commands. 
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Pa UN Rem CT LON 


Magnetic bubble memory is a non-volatile, high density, 
ieeeaplewNemory System. It is superior in many ways to 
conventional secondary storage systems. It's resistance to 
oppressive environmental conditions is a strong impetus for 
bubble memory's continuing growth. In addition, other 
Siete teGbtseics enhance this memory's value to the 
marketplace. It's advantages make bubble memory a viable 
alternative in many situations. 

The objective of the work presented here is to 
demonstrate the utility of a bubble memory system in a 
conventional operating system (CP/M-86) using a commercially 
aiweeaebcmmaerOoprocessor (Intel 8086). 

iieworatea Ob;ECEIVe 1S accomplished in two phases. 
First a basic I/O driver is developed to exercise the iSBC 
feereoreeMecmory system. This driver tests critical 
Operations necessary for additional development. All 
fumetions significant in data transfer operations are tested 
HOr~ proper Operation. The basic driver program also provides 
a medium for software development and debugging. The next 
Step involves the incorporation of the bubble memory into 
Oeyeoomassaedisk resource. This task requires altering the 
Deeeompertion Of: the operating system. A new BIOS was 


@enerated Containing the necessary bubble memory subroutines 





Mieermmodiularized tormat. The implementation as a disk is 
Emeiely transparent to the user. Procedures for utilizing 
the bubble memory do not differ from a typical disk system. 
Additionally, chapter 2 discusses in some detail the 
Peony ver DapphcommacmeliCidemains, This section also gives 
background on typical bubble memory system development and 
Semtus. A thorough description of the hardware utilized in 
Pmeemenesis 15 ¢rven in Chapter 3. The developmental system 
foeemmeriomally ouclined and the iSBC 254 bubble memory 


poara is described in detail. 





DP aoe eeeMeEMORY THEORY 


A. BUBBLE DOMAIN THEORY 

Bubble domains are small, magnetized, mobile regions 
Within sheets or films of certain magnetic materials. This 
magnetic "bubble" is a physical phenomenon not unique to any 
one class of chemical compositions. Certain elements and 
their alloys, notably iron, cobalt and the rare earth elements, 
exhibit the property of ferromagnetism. Presently, nearly 
all bubble devices are made with single-crystal films of 
eee teompoment Magnetic rare earth-iron oxides having the 
Pommeoeoetueture |Reememec 1]. Ferromagnetism permits the 
material's atoms to exhibit a high degree of alignment 
foormeewine Natural tendency toward random arrangements. 
iiewtule Or Opposites attracting comes into play in bubble 
memory technology. The domains existing in a substance are 
Maenetized in either a positive (up) direction or negative 
(down) direction. In the absence of an external field the 
domains interact with one another, resulting in zero net 
magnetism. The more "up'' domains you have, the more 
strongly they interact with those pointing "down," causing 
the bubble to grow larger [Reference 2]. An opposite force 
@omenmsebal looming effect occurs at the wall of the bubble, 
where domains are in various stages of pointing down, 


crossways, and up (see Figure 2.1). This area of transition 
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bounding the bubble tends to widen and slow the bubble's 
growth. The forces never balance and the bubble either 
continues to grow or collapses upon itself. Thus the 
ferromagnetic substance is a continually changing pattern 
eescigpecnNlIine Stiapemmsce Eagure 2.2a). 

When the magnetic substrate is cut properly into a thin, 
flat wafer, the domains jut perpendicularly through the 
plane of the chip. Their positive ends pointing up or down 
(see Figure 2.2a). Making bubbles stable (and useful) is 
accomplished by applying an external magnetic field. The 
Strip domains magnetized in the direction of the magnetic 
vl iemercase in yowkeme while those magnetized in the 
we ctmic Ulmeet lO Wilmeshtime (Seemrigure Z.Zb). The 
Tenino wiell Continue to bemreduced until they completely 
disappear or until they reach a specific size (see Figure 2Z.2c). 
The strength of the external magnetic field is the determining 
mieGtor |Reteren@em-|. In actual bubble memory devices, the 
gomains Shrink wntil they are approximately .0001 inch wide. 
When viewed from above using a microscope they appear round, 
hence the bubble designation [Reference 3]. This phenomenon 
is the result of the process of energy minimization. 

Miemaralited external field, the bias field, 1s essential 
Peewee stapzlity. As long as this field is kept constant, 
Ge bubples neither expand or contract and are held at an 
Meecuraple size. The strength of the bias field necessary 


Peeirainestapiility 15 Of the order of 100-200 Oersteds. 
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Small permanent magnets can easily supply the field 
SeeceioeneGequinred. These permanent magnets are immune to 
power fluctuations and are the reason that bubble memory is 
non-volatile. The stable equilibrium of the bubble domains 
is the result of a combination of three forces. The domain 
momemcockved Dy 1tS OWN Magnetization acting against that 
Pm—ememexternal field. The internal forces produced 
SemmectactsS the squeezing forces of the bias field. The 
circular shape is preserved by the magnetic surface tension 
located at the domain walls [Reference 3]. 

in order to produce an operational memory system, the 
bubble domains had to be moved through the substrate in an 
Cuterly tasaion. Movine bubbles requires setting up a 
Migeerie ticld Gradient within the plane of the chip. This 
Neemetie Gradient minbalances the stability of the bubble. 
The domains will then move through the substrate toward any 
SoewertoOmetiatc Minimizes energy. A permaloy (nickel-iron 
pumoy etrack can be bonded to the surface of the substrate 
(see Figure 2.3). The bubbles will move along these tracks 
when the magnetic gradient is applied in a specific manner. 
At a designated point where a detector is located, the 
presence of a bubble can represent a binary 1. The absence 
of a bubble represents a binary 0. This magnetic detection 
toecemlat to conventional magnetic devices. The 
distinguishing feature is the fact that no mechanical moving 


parts are present. This factor allows a bubble memory 
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ee meco be entirely solid state. Bubble memory's 
momvetatility makes it useful for almost any situation in 
which data that is being stored must be maintained. 
Nonvolatility also makes bubble memory portable. A user 
Paiienemove the device from one computer, transport it and 
find all data intact. The fact that this memory is not 
Pecetmomechanical adds to its reliability and durability. 
Weewerence 2| The next section will describe how bubble 


theory has been applied in memory engineering. 


ieee EP LICATION OF BUBBLE THEORY 

This section will describe the general designs of 
bubble memory devices. The basic operations necessary to 
Support a system are, bubble propagation, bubble generation, 
and bubble detection [Reference 1]. In addition to these 
Dasic functions, the data must be organized in such a way 
as tO minimize access time. 

Peoubole Propagation 

As previously mentioned, the bubble domains will 

move in the presence of a magnetic field gradient. A 
motating bias field set within the plane of the chip 
accomplishes this task. The chip is wrapped with two 
crossed wire coils and the appropriate current is passed 
through them. By rotating this field, known as the drive 
field, a magnetic impulse can be generated through the device. 
The bubble domains travel with this impulse and thus movement 


is created [Reference 4]. 
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beginning of the input track. The seed is generated by an 
electric current pulse in a hairpin-shaped loop of 
conductive material. The pulse is strong enough to reverse 
the bias field locally and thus allow a bubble domain to be 
created. Once having been created, the seed bubble remains 
in existence as long as the external bias field is maintained. 
iilemoceca Circulates under a permalloy patch, driven by the 
Poeerne Tieldy This bubble is constrained to a kidney 
Piepeeby tne interaction of the bias and rotating fields 
Mitieene metal patch (see Figure 2.4). The seed is split 
in two by a current pulse in the hairpin-shaped conductor. 
One of them remains under the patch as the seed, and the 
Sagem toedpgiven by the rotating field onto the input track 
Sorronmemmmune Chip. The current pulse that splits the 
seed is generated to store a binary 1 in memory. To store 
moany 0, the pulse 1s emitted. This seed bubble process 
re Veaciicee mcomecratune Sensitive. A memory system must 
be able to vary the current pulse over a range large enough 
BomG@umibemsaate £Or larce temperature variations.{Reference 4] 
Seeeeeoole Detection 

A bubble detector is essentially a magneto-resistive 
bridge formed by interconnecting the permalloy chevrons to 
Makesa continuous electrical path of maximum length. As 
bubbles pass under the bridge, the resistance changes 
slightly, modulating the currents through the bridge and 


Cieamiwe an Output voltage of several millivoits. Bubbles 
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G@memwotGetched at right angles to the direction of 
propagation by adding parallel rows of chevrons. These 
Eeecuamed bubbles generate larger output signals at the 
detector. Beyond the detector the bubbles run into the 
guard rail and they are annihilated (see Figure 2.5) 
[Reference 4]. 
4. Bubble Architecture 

The architectures presented here follow one another 
in the historical development of bubble memory systems. 
Poacimeumemoved the data transfer rates critical to acceptance 
as a viable memory source. 

drei t ReOCiS@erm COnE1 guration 

The Saitt Qeecister aremitecture suffers from 

two fundamental problems: (1) If a single defect exists 
in the shift register chain, the entire chip is bad; and, 
(2) Data must be cycled through the entire chip in order 
for the user to gain access to what is needed. If the 
@evwree 15 a UM bit chip and the information is stored 
halfway down the chain, all the bubbles must move half the 
Memeamime OL ihe Chain, in this case 500,000 steps. A typical 
circulating frequency is 200kHz. In the above example it 
would take over 2 seconds to access the data desired 
[Reference 2]. This clearly is unacceptable in modern 
computer systems (see Figure 2.6a). 

b. Major-Minor Loop Design 

fie problems Of the shaft register approach 

were alleviated by employing major and minor loop 
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tasieeeetunes (See Figure 2.6b). In this GOnPveviga eon, 
data is stored in minor loops. When a read function is 
initiated, the data is rotated onto the major loop, 
detected, and recycled back onto the minor loop position 
where it began. Access times were improved greatly using 
this architecture, but improvement was still needed. An 
additional advantage of this configuration was in the area 
of chip production. Ths manufacturers were now able to 
provide redundancy in the number of minor loops. The extra 
ier = that were added provided a margin of error in Chip 
demects. Tr one loop was bad, an extra loop could take its 
petite ijpereatly manufacturers provide up to 25 additional 
FoopsomtOncompensate for any defects. 
Ge wesllock Replicate Architecture 

The major-minor loop design improved accessi- 
Demet ysbue problems still existed. The fact that the bubble 
domains had to be recycled to their positions retarded 
access time. The block replicate architecture solved this 
problem (see Figure 2.7). This configuration involves 
Swapping and replicating the bubble domains. When data is 
Pitteen inte the System, bubbles on the input track are 
SEwappead wrth old data on the minor loops. The old data is 
Peemedcearoved. When reading the minor loop, data is 
replicated onto the output track. The data remains intact 
Mmaiemmiunmor Loops, Swapping occurs when a current pulse, 


in a conductor under the chevrons, causes the bubble to 
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Jump from the input track to the storage loop and vice 
versa. The swap pulse is essentially TeCtaneUtaige 
preserving the bubble without cutting it in two. For 
replication, the bubble is propagated under a large 
element where it is stretched out. As it passes under a 
hairpin shaped conductor loop it is cut by a current pulse 
Just as in bubble generation. The replicating current pulse 
waveshape has a high, narrow leading spike for cutting the 
Original bubble in two, and a lower, wider Emeline por elon 
during which the new bubble moves under the output track. 
Wits pulse lasts ome-quarter of a cycle. In this manner 
data 1S propagated to be read, yet retained in the minor 
loops for storage [Reference 4]. 
d. Odd-Even Loop Architecture 

A variation upon the block replicate design 
improves access time even further. Due to the properties 
mmolving bubble domain interaction, a domain can exist 
only in alternate positions. This space in between each 
data position means that data can be manipulated only every 
second cycle. A way around this problem was found in the 
Pa@oevemeloop archrtecture (see Figure 2.8). The minor 
loops are divided into even and odd sections. On one cycle 
woiome MebttS are Lead and On the next cycle the odd bits 
are read. The positions of these bits are staggered and 
Gi rerdmemmcerleaved On the way to the detector. The write 
emaeron 1S similarly performed except no interleaving is 


needed {Reference 6]. 
ZS 
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Bema steceult Or sthese architectural improvements, access 
ieemtas Deel cut from 2 seconds (shift register) to 40 
milliseconds. While this time is 1,000 times slower than 
ram memory, it is 2 to 4 times faster than either hard or 


floppy disk. 


eee heoEN?) BUBBLE MEMORY STATUS 

The market for bubble memory has never materialized as 
anticipated when it was first introduced. Essentially, 
Bpepehe Memory has been playing catch up for the past 15 
years. In the late 1960's bubble technology was seen as 
the answer to unwieldy core memories and slow disk systems 
“iewmermieuse. Research continued at Bell Labs as well as at 
ier, National Semiconductor, Motorola, and Texas Instruments. 
Mastering bubble technology was no easy task however. As 
tiemegmeami1es Struggled to get their product out of the 
Pabewanarimto production, they neglected to develop 
puemercane ¢lectronics. This circuitry, notably bubble 
memory controllers, is essential to make bubble memories as 
easy to use as disks. This lapse alone cost the industry 
two Or three years in terms of market acceptance. In 
addition the price of semiconductor memories and disk 
SvVstems comtinued to fall. As a result, bubble memory sales 
plummeted (Reference 7}. This lack of sales volume 
resulted in the price of a bubble system remaining very 


Deen Comparison to its competitors. One by one 
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megnmamnes dropped out of the market, until Intel Corporation 
maeeeme lone producer in the United States. At one point 
there was estimated to be 200 engineers working on bubble 
memory compared with 50,000 individuals researching silicon 
memories. The lull was broken in 1979 with the advent of 
ieee so i Meeabit device. The initial price was a stiff 
$2,500. Produ@tion costs have since been reduced 
sufficiently to allow a $300 current pricetag. Although it 
is doubtful if bubble memory will ever displace disk systems, 
it has found a growing segment in today's marketplace. Its 
Solid state durability has made it a natural selection for 
Systems in harsh environments. Bubble systems have also 
found their way into a few personal computer systems. With 
eeeomeenmme Of Intel's 512k byte chip later this year and a 
2-megabyte in 1986, the market should open even further. 
Today bubble memory seems to have come back from near 
disaster. It 1S now viewed with enthusiasm as a young 
technology with an as yet unknown potential. The following 
Glammeets will describe how a particular bubble memory system, 
Pememecme1SBG 254, can operate in a microprocessor 


environment. 
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III. HARDWARE SYSTEM DESCRIPTION 


fim OVERVIEW 

The major components used in the work described here 
consist of an iSBC 254 bubble memory system, an iSBC 86/30B 
comelo™ board computer, an Intellec single density MDS, and 
an iSBC 201 single density disk controller. The system 
was operated using the CP/M-86 operating system (version 1.0 
as modified in Reference 13). The following sections will 
fesemupe cach Component. Particular emphasis will be 


placed on the bubble memory system. 


B. i1SBC 254 BUBBLE MEMORY BOARD 

Picwrome 254 bubble memory board is a fully assembled, 
meecrbus Compatible, non-volatile memory. The board is 
EcpaelowOnr Utilizing up to four Intel 7110 bubble memory 
modules. The rotating field operates at a frequency of 
PiPoiz eee permanent magnet provides the bias field of 20 
oersteds. The operating temperature range is between 0 and 
50 degrees centigrade with 100 FPM of airflow. The 
mome 2541S Compatible with 16-bit addressing for 8 bit 
Mmenepnocessors and 20 bit addressing for 16 bit machines. 
There are three modes of data transfer available: polled, 


Peet rupt, and DMA. 





The vebes254 configuration used in this work consisted 
of two 7110 modules, their support components, one controller, 
a DMA controller, and associated Multibus interface I/O 
Geeeurery., this configuration has a maximum data transfer 
rate of 25K bytes/sec with an average access time of 48ms. 

A storage capacity of 256K bytes of non-volatile read/write 
Memory 1S available. The 7220-1 BMC controller interfaces 
mie memory modules to the multibus circuitry via 1/0 
buffers. These buffers then transfer data, address, control, 
Biemeseauus information to the system bus and iSBC 254 board. 
No special timing considerations or hardware modifications 
mememmeecsoary. ihe i1SB@ is fully compatible with any Intel 
Hosctecompucer on aWaltibus system. No attempt will be made 
Mere to explain the complex internal timing and operations. 
hae explanation Can be found in Reference 8. Instead, a 
Peet OWPLine will be given on the operation of each of the 
major board components. 

The following devices will be described as to function 
ama system interface: 

Pe Oe Bubble Memory Module 

2. 7220-1 Bubble Memory Controller (BMC) 
3. 7242 Formatter/Sense Amplifier (FSA) 
ae 7250 Current Pulse Generator (CPG) 
Bo) 72208Co7! Predriver (CPD) 


ome 2 o4u@Gaa VMOS Drive Transistor 


— 


Power Fail Circuitry 





ie componene Functions 

The 7110 magnetic bubble module is a high density, 
1 megabit solid state memory chip. The MBM holds the 
bubble data for storage and transfer. The architecture is 
eeeeven, block replicate. The 1] megabit storage capacity 
1s provided by 256 loops of 4,096 bits each. When error 
Semerceeing 1s selected 14 additional loops are incorporated 
BOm~mene rire code. If error correcting is not implemented 
Moeloops are used for data. The module itself is divided 
SmeoerOuUr quads, Each half module consists of an "odd"! 
tie even Quad. Odd and even refers to the bit position 
femeiewstored data. A half module consists of 160 loops. 
aecweminy 15s are required for data and the ECC code, 25 
fmemilertt £O0r redundancy. In practice the module is screened 
ZOmmupeca24 bad loops to allow the user 16 extra bits if 
PeeOommecOnree ting 1S HOt implemented. Each quad has an 81st 
Meepecalled the bootloop. This loop provides a map 
indicating the good and bad storage loops. The bootloop is 
Peeeecmeaduring Oroduction and normally requires no 
modification. The bootloop also provides synchronization 
data used as a reference for a physical page address. The 
Geeeeiom. as previously described in chapter 2, is typical 
of the odd-even block replicate architecture [Reference 8]. 

The 7220-1 Bubble Memory Controller provides all the 
(mene and Gontrol functions needed to operate the system. 


It is the single point of contact between the host and 


cial 





memory. Jhe /220-1 provides a suitable microprocessor 
fee tiace as welll as an interface to the support chips on 
the i1SBC 254 board [Reference 9]. The method of 
communication with the controller will be discussed later 
in this chanvter. 

The 7242 Formatter/Sense Amplifier accepts signals 
from the bubble detectors in the MBM. During read 
Speterrons, this device buffers the signals and performs 
formatting operations. During write operations, the 7242 
enables the current pulses of the 7230 that causes the 
bubbles to be generated. Automatic error detection and 
moieecoet1en Of the data can be performed by the 7242. The 
bootloop is automatically placed in the 7242 bootloop 
Geeeswer £O Serve as a data map for the system [Reference 9]. 

imicwmy Zo Current Pulse Generator supplies the 
Dmiceomeniat produce the magnetic bubbles and transfer them 
M@emeanan Out Ot the storage loops of the MBM [Reference 9]. 

Wee 7250 sana two 7254's supply the drive currents 
for the in-place rotating magnetic field (X and Y coils) 
that move the magnetic bubbles within the MBM [Reference 9]. 

The bubble memory is accessed by passing currents 
of the proper magnitude and phase through two coils within 
the MBM. These currents must always be of the proper 
emp litude and phase or data can be lost. It is also 
Gummer toravoOid any transient pulses that may occur. 


The purpose of the power—fail circuitry is to prevent 
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Mm@ese transients and to monitor the system voltages. 
Smeuta power tail, the coil currents must stop in the 
proper phase [Reference 9]. 

To better illustrate the interactions between 
the various components, the data flow within the system 
will now be explained (see Figure 3.1). During the read 
peau lone  DUeDleSwitrom the storage Yoops are replicated 
onto an output track and then moved to a detector within 
teamoeM. Ally movementswand current pulses are under the 
Someneis or tie 7220-1 controller. The magnetic field 
Porton and sliming are also controlled by the 7220-1. 
itwes Dobbie detector outputs a differential voltage 
PeeOrmalmomco whether a bubble 1s present or absent in the 
weeceecouem Hats aoltagesis fed to the detector input of 
the Formatter/Sense Amplifier. The data path between the 
7110 MBM and the FSA consists of two channels connected 
to the two halves of the MBM. When data is written, the 
bit stream is divided with half of the data going to each 
side of the MBM. During a read operation, data from each 
half of the MBM goes to the corresponding channel of the 
FSA. In the FSA, the sense amplifier performs a sample- 
Ge noela tunction on the detector input data. The sense 
amplifier then produces a digital one or zero. The 
resulting data bit is then paired with the corresponding 
bolemcimetiie FSA bootloop register. If an incoming data bit 


iemeeume to be from a good loop, it 1s stored in the FSA 
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FPO butter. @therwise the data is ignored. This process 
Somemmues Until both channel's FIFOs are filled with 256 
puts. Error detection and correction, if enabled by the 
Eecemmets deplied=to each biloek of 256 bits at™this point. 
lis a Pemncetion 1S mot ecnabled,272 bits are used as 
data. As the data leaves the FSA, the bit patterns are 
mipenleaved and sent to the 7220 BMC. The transfer is in 
the form of a serial bit stream via a one line bidirectional 
data bus. In the 7220 BMC, the data undergoes a serial-to- 
aoedeeecl Conversion and is assembled into bytes that are 
pueeeemcad in the 7220 FIFO. It is from this FIFO that the 
ee wer omurrecetm Onto thevuser interface {Reference 4]. 
a Communicating With the 7220-1 BMC 

The bubble tiemory controller is the single point 
Gemcem@eret wath the host interface. The CPU views the 
peeeoseewo Input/Output ports on the bus. When the least 
wom@emlcant bit of the address line is active (A0=1), the 
cCommand/status port is selected. When the least 
Suomeecant bit of the address line is inactive, the data 
port is selected. For simplicity the BMC can be viewed as 
Fem ecmelFO butter and 6 eight bit registers. The primary 
purpose of the FIFO is to reconcile differences in timing 
between the user interface and FSA interface. The six 8 bit 
registers internal to the BMC are loaded by the user with 
information regarding the operation of the system. Loading 


these registers before any commands are sent 1s similar to 
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passing parameters to a subroutine prior to execution. 
Memee the registers are referred to as parametric registers. 
Data transferred between the 7220 and the CPU takes place 
over an § bit data bus. The choice as to whether the data 
is destined for the FIFO or the parametric registers is 
made through the command/status port. In one case, the 
actual commands that cause some operation to take place 
(Mecad write, etc.), are signified by a command byte with 
Caeeemescme tO 1 and the low order nibble containing one of 
16 command codes. If bit 4 is zero, the low order nibble 
is taken to signify a parametric register pointer. For 
Deeemeomvenience the 7220-1 contains a register address 
counter (RAC). The RAC is self incrementing with each 
subsequent byte of data transferred on the data port. This 
feature allows the user, after addressing the first 
parametric register, to load the register values 
sequentially without addressing each one. After the last 
register has been loaded the RAC points to the 7220-1 FIFO 
for subsequent data transfers. The parametric registers 
cecmiimsmeed In Figure 3.2. 

All commands given to the BMC are issued through 
the command status port to the command register. The 
sixteen commands available to the bubble memory are listed 


alomemwith the hex code. 








Utility Register 0 0 0 0 1 0 1 0 R/W 


Block Length 

Register (LSB) 0 0 0 0 1 0 1 1 WwW 
Block Length 

Register (MSB) 0 0 0 0 1 1 0 0 WwW 
Enable Register 0 0 0 0 1 1 0 1 WwW 
Address Register 

(LSB) 0 0 0 0 1 1 1 0 R/W 
Acdress Register 

(MSB) o”° 0 0 0 1 1 1 1 R/W 


BiguGe ss. 2 
PARAMETRIC REGISTERS 
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Write Bootloop Register Masked Olh 


Initialize Wai 
Read Bubble Data Zin 
Write Bubble Data 13h 
Read Seek 14h 
Read Bootloop Register Ikea 
Write Bootloop Register Repel 
Write Bootloop lean 
Read FSA Status , 18h 
Abort 19h 
Write Seek lAh 
Read Bootloop 1Bh 
Read Corrected Data Gh 
Reset FIFO 1Dh 
MBM Purge LER 
Software Reset 1Fh 


Poewwerte, abort, and initialize are described in chapter 
teeloe remainder of the commands are seldom used in normal 
Seemtumem, i iney are described in detail in Reference 8. 

PeeGessime tlexibility 15s one of the features of the 
iSBC 254 bubble memory. In the work described here, two 
modules were available for use. Using the addressing 
combinations available, the data could be organized into 
2,048 pages of 128 bytes each or 4,096 pages of 64 bytes 
each. The configuration is determined at run time using 
PmemrerOckKerenoth register and address register. Figure 3.3 
11sts the various combinations available for up to four 
modules. 

The Block Length Register (BLR) is a 16 bit value 
divided into two fields: The "terminal count" field and 
the "channel'' field (nfc) (see Figure 3.4a). The terminal 
Cowmt field ranges over the eleven least significant bits 


and defines the total number of pages requested for a read 
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MBM Select ‘*Channel Field’ (BLR MSB Bits 7, 6, 5, 4) 
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Petes Operation, With the eleven bits it 1s possible 
memueaquest from 1 to 2,048 pages. <A field of all zeros 
indicates a 2,048 page transfer. The channel field 
ifMameates the width of the page by specifying the number 
@enechammels to be used. A page width of 64, 128, 256, ° 
OmewolZebytes can be selected {see Figure 3.3). The address 
PeGisterei1s another 16 bit value containing two fields 
(see Figure 3.4b). The 11 bit starting address field 
Saeetites tme page address at which the data transfer begins. 
Maumtotc Liam one Dage 15 transferred the address field is 
automatically incremented. The second field in the address 
Pimiseen ener rpm select field, consists of bits ll, 12, 15, 
emer oteels is not used). These four bits select the 
Peattcular MBMs to be used in a data transfer. In conjunction 
tenieecne cmaanne! field of the block length register, the MBM 
Pemiceteerclda controls the serial selection of bubble modules 
Sreenrours Of modules operated in parallel. 

One filo aremetric register is the enable register. 
While the address and block length registers define the 
system configuration, the enable register defines the mode 
of operation, interrupt conditions, and error correction 
level (see Figure 3.5a). The system is capable of three 
modes of transfer, polled, interrupt, and DMA. This work 
utilized the polled method which will be explained in 
chapter 4. A thorough description of the other modes is 


outlined in Reference 8. The error correction feature can 
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be implemented on three levels. Level 1 is the minimum 
evel of Crror correction. This level is used only when 
BiemoOst 1S Concerned with maintaining bubble integrity. 

If an error is detected, a read corrected data command is 
automatically given to the FSA. If the error is 
Semreaercable, the data transfer Continues normally. If the 
Peaerlomnot COrrectable Or a timing error exists, the 
ieamtnanster will be terminated at the error page address. 
nese evel 15 well Suited to a go/no-go type of data 
Metmseey and Was Chosen for the work in this paper. Level 
mers cenercal to | with the exception that upon an 
uncorrectable error no erroneous data is transferred to the 
BMC FIFO. Level 3 is the most intensive means of error 
Hamotaime. Under this setting the data transfer is halted 
Moniemennmome:s detected. It is by far the most demanding 
in terms of software requirements [Reference 9]. 

The final register to be discussed contains the 
peeeucwonethe data transfer. Figure 3.5b illustrates the 
Peeedesuemauions in the status register. As will be 
deseribed in chapter 4, this register is extremely important 
when using the polled method of data transfer. The status 
register contains information concerning error conditions, 
command completion (or termination), and the BMC's 


readiness to accept new commands [Reference 9]. 








Pewee rocparing the iSBC 254 Board For Over Eom 


After the board was visually inspected for flaws, 


the following jumpers were connected: 


B/S .~ GHew 
Fo) 7 > Jeeps! 
evo. 645 
Boe] E29 
be zi BB 7Are: 
OS) oe Jere 


These jumpers established the base address of 00h, an 
gemmowledge delay period of four clock cycles, serial bus 
priority, and 8 bit I/O addressing [Reference 8]. 

Miemiob@mAc4 requires .+5VDC at 2.4A and 12VDC at 
0.8A. These power requirements are fully compatible with 
the available multibus power supplies. No hardware 


modifications are required. 


GC. SEVELOPMENT SYSTEM 

The hardware used in the development of the software, 
Semrerec upon the Intellec Microcomputer Development Svstem. 
mem imicellice MNS 1s a coordinated, complete computer system 
fe enedearounda the Intel 8080 microprocessor. The system 
modules are contained in an eighteen card chassis which 
meeines Intel ’s@Multibus architecture. The 8080 
microprocessor was removed along with its associated memory 
modules. The 86/30B was placed in an odd slot to serve as 
bus master. No additional memory modules were required as 
milemee, 50 has 128K of onboard memory. The iSBC 201 disk 
controller serviced a dual single density disk drive 


[Reterence 10}. 
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The iSBC 86/30 is a single board microcomputer based on 
faewlO bit Intel 8086 microprocessor. Included on the board 
Wweewrack Of dynamic RAM, three programmable parallel 1/0 
Pores, pregrammable timers, priority interrupt control, 
serial communications interface, and Multibus interface 
Verma c. 

iiemGeyamt-86 operating system is a product of Digital 
Research and is produced for use with the 8086 microprocessor. 
CP/M-86 provides a wide variety of utility built-in commands 
Pooeeebansient programs. In addition the user can produce 
and execute additional transient programs. CP/M-86 
provide useful programs for software development. DDT86 
1s a dynamic programming debugger that proved invaluable 
monomer am Crror Correcting. This operating system also 
brovigesracilities for writing and editing programs. ED is 
a Very primitive text editor that proved to be adequate for 
Tarai the programs used in this work [Reference 11, 12}. 
The programming language used was 8086 assembly language due 
pomenempascie register, data, and 1/0 port manipulations that 
were required to make the hardware operate. All programs 
were written and assembled using this system. No outside 
resources were required. A printer was available for hard 


Sopvemnansfers. 
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Web lG esol hWARE DRIVER DEVELOPMENT 


A. DRIVER ORGANIZATION 

The first step in developing a working bubble memory 
Serecm ts tne development of a basic I/O driver and 
Seeatronally testing the program for correctness. This 
task was accomplished using a menu driven program with 
Memubar Structure and expansion capabilities. The 
completed program, BUB.A86, is listed as Appendix A. 

Ac the outset of this project, a decision was made to 
use the polled method of communication. This method was 
SeosemepOth £Or 1tS simplicity and reliability. The polled 
1/O mode is the most simple to implement since no special 
or external hardware is required to perform data transfers. 
In the polled I/O mode, the software must determine when to 
transter data to or from the FIFO by continually polling 
Mecuaeuscmorte im etme BMC's Status Register. This status 
bit indicates the presence or absence of data in the FIFO 
on a byte by byte basis. The polled method places the most 
demand on the host system's processing time since the 
software continuously must monitor the Status Register 
{Reference 9]. 

The driver program's main menu includes the following 


features: 
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ihe Sport 
Z@. oend Any Command 
5. Read Status Register 

4. Format Bubble Memory 
The sequential development of these features aided in the 
understanding of the operation of the memory system. In 
addition this method of development honed the programming 
skills necessary for subsequent developments. Each 


subroutine supported succeeding more complex routines. 


Pe PWNCTION DESCRIPTION 
insert Function 

The abort routine was developed initially in 
accordance with the manufacturers recommendations. When 
Dewemane the iSBC 254 Bubble Memory Board up for the first 
time, it is imperative that the board be aborted to insure 
proper operation. When power is first applied to the 
Popemzo4¢, a power fail reset Circuit provides a delay (at 
least 2ms) to allow the 7220-1 bubble memory controller (BMC) 
to properly power-up. An abort command must then be issued 
to the BMC in order to reset the system into a known state. 
After both power supplies have reached 95 percent of their 
nominal values, a 50ms delay is needed before the abort 
command is issued to the BMC. This delay could be 
implemented in software. It was decided however that this 


interval would be more than taken care of by the amount of 
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time necessary to power-up the system, load the operating 
system, and implement the program [Reference 9]. 

The abort subroutine is a simple example of a non 
data transfer command sequence (see Figure 4.1). No 
pame@m@etric registers have to be written prior to issuing 
the command. After the command has been sent, the status 
register is checked to see if the command has been accepted. 
iitemdicceptance 15 Sipnified by the setting of bit 7 in 
the status register (busy bit). Once the command has 
Beemedceepted, the status register is checked to see if 
the operation is completed (bit 6 in the status register) 
Peetiwne nas Lagied (bit 5 in the status register). If the 
Sieederom ta1is or the timeout counter terminates, the 
Geommemme LTetirms @n error message. If the operation is 
Si@ecsstul a completion message is sent and the routine 
Pairns to the maim program. Due to the necessity of 
aborting the bubble memory, this routine is performed in 
SOfttware automatically each time the bubble memory driver 
7S Gmaitiated. it may also be selected for execution from 
eiemment. 

2. Send Any Command Function 

jqemseeond function in the bubble control driver is 
one in which commands can be sent to the bubble memory 
controller. Each command developed has its own calling 
routine which then executes the necessary subroutines. In 


the work described here it has not been necessary to 
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INITIALIZE TIME QUT 
COUNTER 
ISSUE COMMAND 





READ 7220-1 STATUS 










COMMAND 
ACCEPTED 
a) 


NO DECREMENT 
COUNTER 


YES 


READ 7220-1 STATUS 


NO 
YES 
STATUS NO NO 
DECREMENT 
oP COMPLETE > 
YES 


=a 


COMMENTS: THIS FLOWCHART CAN BE USED TO ISSUE 
ANY NON-OATA TRANSFER BMC COMMAND BY 
SUBSTITUTING THE APPROPRIATE COMMAND CODE. 


COMMANDO COMMAND CODE 
ABORT 19H 
MBM PURGE 1E 
WRITE BOOTLOOP REGISTER 164 
READ BOOTLOOP REGISTER 15 4 
WRITE BOOTLOOP REGISTER MASKED 00 H 


Figure 4,1] 
NON-DATA TRANSFER FLOW CHART 
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Poweropsall of the bubble commands. Abort, initialize, 
fifo reset, read, and write were the ones needed to 
Mememoo tne driver. After successfully aborting the 
peep le Memory, 1t 1S necessary to initialize it for further 
Operation. This command prepares the bubble system for 
Subsequent operations and is used when the bubble system is 
pewered-up. The parametric Fa@ignens MS) Ge We wee Atel eGurto Gras 
to executing this command. The following information is 
Meeecssary for successful initialization: 

The channel field in the block length register must 

be set to 0001 to arrange all bubbles in the system 

in a serial configuration. This code allows the 

imngayidual bootloops to be read from each bubble and 

then written to the bootloop registers of the 


corresponding FSA channels. 


The MBM select field in the address register must 

select the last bubble in the system to inform the 

BMC of the number of bubble modules in the configuration. 
inepewicase Of the iSBC 254 board that was used in this 
work there are two bubble modules. Thus the code of 


0001 was entered to satisfy this requirement. 


The bits in the enable register selecting error 


corrections must be set in accordance with how subsequent 
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read and write operations are to be performed. The 
bubble system must be initialized each time error 
correction 1S activated or deactivated. Merely changing 
PmmorecOrrection levels does not require 


meeimnttialization. 


The bubble system can be initialized to any address 

within the module. 
Mmen an initialization command is received, all internal 
registers within the BMC are cleared and the FIFO is reset. 
The BMC then reads the bootloop from each bubble and writes 
aiemegubes@wonading bootloop information into the bootloop 
Bets ters. lihe bubble is left positioned according to the 
Mado nwdmethe address register [Reference 9]. 

The subroutine used to initialize the bubble system 
follows the same format as the abort routine with the 
Soeempuroan OL writing the parametric registers. Since the 
Wauessto be sent to the registers are constant, they are 
stored in a table in memory. A routine then moves these 
values to reserved locations for the parametric register 
values. Once these parameters are located properly, they 
are then loaded into the appropriate register. After the 
initialize command is issued, the polled method then 
continually reads the status register to insure that the 
command has been accepted and completed. The applicable 


messages are printed after the operation. 
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The read and write command routines were developed 
fae reine bDOard was veritied to be initializing properly. 
The read bubble data command causes data to be read from the 
MBMs and into the BMC's FIFO. Immediately before the read 
command is issued the parametric registers have to be 
Meeperly loaded. Since the future plan for the bubble 
system was to incorporate it into a CPM-86 operating system, 
the bubble memory was configured to read 128 byte blocks. 
itomarrancement 1S accomplished by loading the following 
eececmimeo the parametric registers: 

The channel field (4 most significant bits in the 
MeOckmlengen register) contains 0010. This code 

tells the BMC that both bubble modules are to operate 
imeparallel]. Two modules in parallel contain 2,048 128 


Bete pages. 


ineeblock lemath was set to one for a one page transfer. 


The enable register was set for error correction level 


One. 


Mieco woe a4, 5 of the address register's most 
significant byte were set to 0000. This code addressed 
the first two modules in the bubble memory system. 
Although the configuration used here has only two bubble 


modules, the BMC has the capability of controlling eight. 
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Peiameiis Teason it 1S mecessary to specify the correct 
Someneuration. The page address can be any value up to 
eee eas a result, this routine can write to any page 
in the bubble memory system. 

The read routine is somewhat more complex than a 
non-data transfer command (see Figure 4.2). Since the 
register values can vary, a method was devised to enter the 
desired numbers from the console. When the read command is 
selected from the menu, a series of messages will prompt 
the user to enter the values of the various registers. 

These values are to be entered in decimal form. A 

Gemviersilon routine Changes the numbers to hex code and stores 
Eoin the proper memory locations. The registers are then 
Meweeaeanad the read Command is issued. Although the routine 
Zeceteip CO Gead seme 128 byte page any appropriate numbers 
can be entered depending upon how the read command subroutine 
is tailored. In this case block length is entered as OQ001, 
number of channels is 2, enable register is 32 (20h-level 1 
error correcting), the page address can vary from 0000-2047 
ana the bubble number is entered as 0000. Level one error 
Seimectima was chosen to facilitate data transfer in the 
Paemtecorea correctable error. Only a non-correctable error 
would terminate the operation [Reference 8, 9]. 

Onecetne read command 15 issued, the status 
register must be checked for command acceptance. When the 


Command 15 accepted, bit 0 of the status register is viewed 
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@omececumine If the FIPO "is ready to accept data. If the 
Syoeem is “eady, data is read one byte at a time. This 
Mere is repeated for all 128 bytes. If during the transfer 
aicmmere-OUt COUNters run out or an uncorrectable error 
occurs, the operation will terminate. The status register 
will signify operation complete (bit 6) when the proper 
number of bytes have been transferred. This number is 
determined from the parametric register values described 
above. 

The write bubble data command causes data to be 
Prrecen mito the bubble memory modules. A write data 
transfer does not occur until at least two bytes of data 
Mieewiecem wrlecen into the FIFO. As in the read routine the 
eemerrre negisters have to be written with the appropriate 
data. In this case, the write routine loads 128 bytes into 
memory. The register parameters are identical to those in 
the read procedure. The mechanics of the read and write 
Supremeines are virtually identical. 

Although most of the commands available to the bubble 
memory are not developed in this controller, those described 
above are the most commonly used. Essentially the previously 
defined commands are all that is needed to produce an 
effective driver routine [Reference 4]. Provisions have been 
made in this program for expansion. Any additional command 
routines can be inserted with a minimum of programming 


@itrreulty. 
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ppc acroeatus Register Function 
The third function in the main program displays 
the contents of the status register. This feature provides 
ame wMeaas Of CXamining the individual bits of the register 
as they are displayed in binary form. The read and write 
pemermme also use this function when returning to the main 
Meme, sihis feature 1s an excellent diagnostic tool if 
Meow rmems OcGUr In program execution. This routine converts 
Sieeeeescer DitS IntO ascii 1's and O's. These characters 
are then displayed in a message format. 
AO niatvacunct.10n 
The last function is used to format the bubble memory 
#60 be used with the CPM-86 operating system. Using the 
existing write routine, format loads each bubble byte with 
Sis code signifies deleted information when operating 
under CPM. It is essential when the bubble system is used 


Siow ‘disk’ resource. 


GC. PROBLEMS ENCOUNTERED 

The hardware performed in a flawless manner. Everything 
functioned as expected. The only problems encountered at 
Phasejineture Originated in software. They were relatively 
mamer, and with the aid of DDT86 the difficulties were 
quickly resolved. The source of all error could be 
attributed to programmer inexperience regarding 8086 assembly 


language programming. 
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Pereen, ORATION OF THE BUBBLE MEMORY AS A DISK RESOURCE 


eee 1-66) STRUCTURE 

The CP/M-86 structure consists of three parts: The 
Semscotesconmand processor (CCP), the basic disk operating 
System (BDOS), and the basic input-output system (BIOS). 
The CCP interprets commands entered by the user and issues 
meowenses.  Phis portion of the system examines command 
Mies newoca by the wser, performs some simple validation, 
pHowewerss the appropriate BDOS and BIOS functions. The BDOS 
Somes the various utility routines for managing disks. 
It makes disk file management transparent to the user. Disk 
files are often widely scattered in small blocks throughout 
the storage device. BDOS manages these blocks, dynamically 
allocating and releasing storage as necessary. The BIOS 
contains the various drivers that send data to and from the 
devices, and it receives status information about the success 
Seetatlure of I7OPoperations. The CCP and BDOS occupy 
approximately 10k bytes of memory. These portions are 
provided on the distribution disk as CPM.H86. The BIOS is 
femme¢tabples by the user and occupies a variable amount of 
memory. A skeletal BIOS is provided by Digital Research for 
operation with disk peripherals [Reference 11]. The next 
Seerion deals with the modification of this BIOS to 


Beeepmmene 1SBC 254 Bubble Memory as a “disk.” 
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Pe ee blOS MODIFICATION 

ine COPeand BUOS communicate with physical devices via 
Moe liliderined interface in the BIOS. This interface is a 
Poeeorecall and return parameters for the specific functions 
used. The BIOS modified for bubble usage was based on the 
Siemonrelined in Reference 13. That BIOS was modified to 
Meee aluiobG 201 disk controller vice an iSBC 204 as 
Gmererded in the skeletal BIOS. The structure of this 
modification was deemed adequate for the needs of the work 
Meeeemmcamnere. Since the crux of this work 1S to operate 
Boemoupble w@enmory as a “disk'' resource, no major 
Newmeteaettons In Structure were attempted. 

The first step in the BIOS modification was to modify 
mie ask parameter table. This table lists the specified 
lowmiececharacteristics. 

ies GP/Peoperating systems are designed to utilize a 
ae -cniven Specification for the physical characteristics 
Cee acimamsk device. The modification of this table is 
essential for the user to add devices to the system. The 
disk definition table is generated using the following 
Boamgom@meters: ~logical device number, first and last sector 
number on each track, optional skew factor, blocksize, disk 
capacity, the number of directory entries, the number of 
eheeked entries, and number of tracks to reserve for the 
operating system. The utility program GENDEF will generate 


the disk parameter tables and the necessary scratch pad and 
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bumter area needed by the operating system forgdevice 
communication. GENDEF uses a file labeled [filename] .def 
feetemput £oOr execution. This input file contains the 
disk parameters listed above. GENDEF produces a file 
labeled [filename].1ib to be used with an ASM86 include 
Statement in the system BIOS. 

The disk definition parameters used in the BIOS of 
reference 15 were used for the Bubble Memory BIOS. The 
number of disks was changed to three and the characteristics 
Sie wbubpple “'disk'' were added. The iSBC 254 system 
readily adapted to the CP/M environment. With the 
Peeecpupen Of the skew factor no parameters needed to be 
changed from the standard disk parameters. The skew factor 
Weememtcred as zero due to the fact that there is no 
heteney time applicable to the bubble memory. In a 
sequential access the bubble pages will not rotate as a disk 
does. The bubble memory was set as disk number 2. The 
Mmemetmanae last Sectors were 1 and 26 respectively. The 
block size was defined as 1024 with disk sizes equal to 243K. 
The bubble has 64 Here cory entries and checked directory 
entries. There are two reserved tracks. The object file 
for the GENDEF command was named SINGLES.DEF. GENDEF then 
puogmecdstne file labeled SINGLES.LIB. A listing of these 
imom@nles can be found in Appendices B and C. 

The next step involved the actual modification of the 


BIOS. The name chosen for the bubble BIOS was BUBBIOS and 
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fume pe reterred to as such. A complete listing of 
BUBBIOS.A86 is in Appendix D. Since the iSBC 254 must be 
aborted and initialized prior to operation, a suitable 
peace fOr insertion into the BIOS had to be found. It was 
decided to place these subroutine calls in the INIT 
subroutine. They were located in the "not loader bios" 
Pererom OL this Subroutine. This location was chosen to 
insure that the code and data segments would be properly 
initialized prior to calling the bubble subroutines. 

peeeen Was the next subroutine modified. The number of 
disks needed to be changed to 3 vice 2. The subroutine 
HOME was modified such that after the track was set to zero, 
a comparison was made to determine if the bubble had been 
chosen. If the bubble memory was selected, a jump was 
inserted to skip the disk device operations and return from 
the routine. the read and write routines were modified in 
aera, tasheon. Since the 1SBC 254 uses completely 
different routines then a disk device, both READ and WRITE 
make a comparison and jump to the appropriate bubble memory 
Pemwerne's . 

After the existing BIOS routines were modified, new 
routines for the bubble memory had to be added to the 
existing code. The following bubble subroutines are 
utilized in BUBBIOS: bubrd (bubble read), bubwrt (bubble 
Moteeiemabort (abort the bubble), wtreg (load the parametric 


Peeters). and inatb (initialize the bubble). These routines 
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were all developed in the Bubble Memory Driver delineated 
in chapter 4. No major modifications were necessary in the 
structure. 

Perso blemeaid exzst due to the fact that track and 
fewemeas supplied by the operating system did not translate 
Pito Dubble memory page number. As a result a simple 
Mie omennenads tO be implemented in the subroutine code. 
memwas memcioned Carlier that the bubble system would be 
mommicunred tO sopeCrate with the two modules in parallel. The 
meets a data Organization of 2,048 pages of 128 bytes. 
Since CP/M operating system defines a sector as 128 bytes, 
this translates to a page in bubble memory. CP/M generates 
Mime rOmeancdetrack values for each device access. Since 
metemine 26 Sector per track, the page address for the 
bubble memory can be determined by multiplying the track 
value by 26 and adding the sector value. This simple 
Mmeceormenm requares © lines of code and is inserted prior to 
calling wtreg in the bubble read and write subroutines. 
Pie@eneserelatively minor modification involved returning to 
the operating system with "1" or "0" values in the al register. 
Baan chon Occurs in the subroutines, a 1 is to be returned. 
fisedetron Cauises an error message to be transmitted by 
tiem stememAsea Gesult, the bubble routines were modified 


pomccemumethe appropriate values. 
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C. PROBLEMS ENCOUNTERED AND PERFORMANCE EVALUATION 
oes i implementation 

pemeyor dittieuisey resulted because of confusion in 
properly setting the si pointer register. During a write 
operation, the data segment is equated to the dma segment 
supplied by the operating system. The problem arose when 
mre Si “pointer Was set to the dma a@dress after the data 
segment value was modified. The values for the dma address 
and segment are stored in the initial data segment. When 
the data segment was equated to the dma segment, the label 
Sf amasaddress then pointed to am incorrect value. This error 
resulted in an incorrect memory location when writing data 
to tie bubble"memory. The problem was resolved by setting 
mie 51 pOlntér prior to changing the data segment value. 

are DUBDLOo was transfering data properly, the 
data transfer time was observed to be much slower than disk 
Guewtiseters. since bubble memory is appreciably faster than 
meee pye disks, an examination of the code for inefficiency 
was conducted. The problem was found to be in the read and 
write routines. At the beginning of these Peuriines the 
bubble was initialized. Since CP/M reads and writes a 128 
BPeateowscect@m dt a Lime, this G@mdition resulted in extremely 
Slovam@btaple page transfers. fhe overhead for the 
leider lonme process was too great “for efficient operation. 
After researching the operating manuals, it was determined 


that the bubble did not need to be initialized for each 
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Pamemenamctermed, The code was then changed for a single 
Meierarrzatron in the INIT subroutine as described in the 
DEevious Section. The bubble performance improved 
dramatically and will be outlined in the Pelt owithte section. 

2. seerronmance Evaluation 

The CP/M-86 utility programs ED, ASM-86, and PIP 

mero mised tO evaluate the bubble memory performance. ED.CMD 
1s an object-oriented editor for files. The ED program and 
target files of 17K and 25K bytes were loaded to both an 
mope 7 o4 ‘'daisk"’ and iSBC 201 disk. Using the resident ED 
baoeGameen each device, the target files were written and 


read. The results are summarized below. 


Pamewoize (bytes) LOBe=Z2 54 7GSee) obC ZOmeeGSec)) 
Read Write Read Write 
be 4.8 4.8 Weeeor, alco. 9 
aK 6.7 4.9 Wome. © L952 


Three files were used in the tests with the PIP 
Command. The target files were of 6K, 17K, and 60K bytes 
mmesme2e. The target files and the PIP.CMD file were 
meemdent On each device. Each file transfer used the resident 


PIP program. The results are summarized below. 


File Size (Bytes) 1 SBC «cot oee) iSBC 201 (Sec) 
6K ee Lae 
iy kK Zea Susyelk 
60K aval | 1e O25 


The final test utilized the ASM86 utility program. 
A 17K byte file was assembled using same-device resident 
copies of ASM86, the target file and all of the ASM86 


output files. The results follow: 
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Iulties size (Bytes) Tope. 2o4-{5ec Lob Gwe (Sec ) 
1k Gioeo 143 


DaGimrie tc ctmnecmeeamrtecan be Seen that the bubble 
memory offers a significant advantage in data transfer rates. 
Overall the bubble was approximately 50 percent faster than 
the floppy disk. The more I/O intensive the program is, 
Pmiomomeaterethne 1580 254 performance advantage begcomes over 
mmeerwoBe 201. The major limiting factor in using the 
Dinople System was in the area of transportability. 

Although you can remove the iSBC board, all power must be 
shut down. The floppy disk system has an advantage due 
fomtne tact that disks can be changed without power 
Mimomeugcton. Since the bubble modules cannot be easily 
interchanged, the memory capacity is limited. The disk 
Syoctcom essentially has infinite memory due to the 


mieerenangeability. 


64 





vil. CONCLUSIONS 


A. IMPLEMENTATION SUMMARY 

All the objectives set for this thesis were achieved. 
The iSBC 254 bubble memory system was successfully implemented 
and evaluated as a system resource. A driver routine was 
Semonstrated and tested using a conventional microprocessor 
operating system (CP/M-86) and a commercially available 
microprocessor (Intel 8086). This implementation was 
accomplished in such a manner that the bubble system appears 
as a disk resource. This fact allows the user to exercise 
eiemouoole system with no special procedural requirements. 

MicmoveGess Cf this implementation establishes the 
aoeereanpility of the bubble memory in a number of 
environments. As a disk resource, the iSBC 254 can now be 
intertaced with other disk systems as a Shared resource 
within the CP/M-86 operating system. The demonstrated 
imcteritace With a typical host system suggests the 
compatibility of bubble memory with a wide variety of 


Similar microprocessor systems. 


B. FUTURE DEVELOPMENT AND IMPROVEMENT 
The iSBC 254 system has intriguing features not employed 
in this thesis. The system's DMA capability can be 


Mm@eestigated in future efforts. This capability requires 
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em@eetional hardware, but offers an improved data transfer 
Sumrercnecy., It a host system cannot tolerate the software 
hwmunements Of Other modes of transfer, DMA may prove to 
Beeene ideal solution. 

The interrupt driven data transfer mode requires less 
processor overhead than the polled method used here. Since 
the interrupts must be hardwired, some hardware modifications 
jeewrequirca. I the interrupt routines are efficient 
Megever. the processor can be freed to perform additional 
tasks. 

Another improvement for the future would be the 
fowewopment Of Boot Rom and Loader routines using the 
Peete jemory. This additional software would free the 
host system from any dependency on conventional disk 


ESSOuUTrCeS. 


Peeve Oss IBLE APPLICATIONS 

f€ 1S apparent from this implementation that a bubble 
memory ‘“‘disk"' is superior to conventional floppy disk drives 
mimtnesarea Of data transfer rates. Their solid state 
SonormiGraon and environmental tolerance add to the bubble 
system's advantages. This type of memory system can operate 
ame 100>percent humidity, withstand shocks of up to a 
Vewemterce, and withstand temperatures in excess of 65 
degrees centigrade. The major drawbacks have historically 


been high price and limited memory capacity. Although these 
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Gbstacles still exist, bubble memory system's costs have 
@eereased Significantly in the past three years. In 
eaaition, higher density chips promise to greatly increase 
memory capacity. Intel expects to market a 4 Mbit chip 
later this year, followed by a 2 Mbyte chip in 1986. Due 

to the entrenchment of disk systems in the marketplace and 
womrrnuine incréases in disk density, it is doubtful that 
Bbileele memory will ever displace the floppy or hard disk. 
iirc dawecars to be a growing demand for bubble memory in 
mecedalty applications, however. Harsh environments such as 
m@ose emeountered in heavy industry can be easily tolerated. 
Mercer act has made robotics a primary source of utilization. 
Bubble memory's light weight and compactness is invaluable 
memDOmtaple Computer systems where Soace and weight are at 

a premium. It's rugged dependability allows the bubble to 
BoeWeea Where Maintenance is infrequent or not possible. 

The features mentioned above have drawn a serious interest 
ieonleticommalitary. Ine harsh conditions encountered in the 
Pcl preclude many more delicate Svstems. It is clear that 
bubble memory will continue to grow in importance with 
future developments. As computer systems find more 

Mpc smmonseoltside Of the ideal environment, the advantages 


Stepwbble memory Will present a viable alternative. 
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AP PEMD 
PROGRAM LISTING OF BUB.A86 


title “Bubble Memory Controller’ 


CSEE ;Start of code 
org 180h ’ 
9 
abtcmd equ 19h sabort command 
opcomp equ 48h ;operation complete mask 
cmastsS eau Sfh ;command/status port 
“datreg equ Geh ;data port 
ml rpt equ 8 bh >block 1 ree point 
intcmd eau P25 sinitialize command 
ex equ 8dh ’ 
tet equ Gah ; 
etx equ A3h ’ 
; e 
start 
Call abort »>Power-up command 
os A Se A a SR aOR ARS a ok CA a a a a aa a eA aa ROR OR aR 
; a 
f= This routine displays the function menu * 
7* and executes the chosen function. * 
° x 4 
ea Rok SR ae a Ak ona Raa Ack ae a ok ea ok RR aoe a tes a ea 
cmdex: 
mov dx,offset msgl ;point to menu message 
call prtnsg ; print it 
cal? getchar 7eget console input 
and al,7fh »check console parity 
cmp al,etx ;compare input to control 
jnz insti ’ 
call system ; 
$n5t2: cmp Arlee.” ;Abort command 
juz Dy aS ’ 
call anor tc ’ 
inst2: cmp ale 2, >Build any command 
jnz iaisito ; 
call sencmd ; 
inst3: cmp alee. ;Get BMC status 
jmz inst4 ’ 
call getstat ’ 
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inst4: 


© we we we we we we we 
% tt it # 


ce tt 


= we 


we we B@t we WO w 


¥. 
co 3+ 3b tt H tt Ht 


2e 


2e 


cmp 
jnz 


call 


JMD 


This routine loads the parametric 
registers in preparation for com- 


aula 
cmdex 
formatbd 
cmdex 


mand execution. 


Me AE A HA AK EE AE AS EE AE EE AS IE EC EOE OK 


aimplrpt 
cmdsts,al 
bx, bvlklen 


al,dl 
datreg,al 
Fe ea ao 
cl = 
alee! 
al,bh 
datreg,al 


al,enabdle 
datreg,al 


bx, pageno 


al,bdl 
datreg,al 
al,bdblnum 
Clic 
ale. 
al,bh 
datreg,al 


This is the executive routine to write 
the parametric registers. 


we we 
Tr 


Format Fubble 


e 
9 
° 
9 
° 
9 
* 
9 


wate sk ai ote ok ak a a oe OK a ae oe a oe a a ak a oo aK OK oe ae ok ok a Me ok ok oak a ok ke ee 


szet values from console 
smov the values to proper 
»,load the values into the 
>clear al 


BE ME SK REE AE AE ME AE RE EE AE AEE EE A EE EOE AE ES EE ES SS OK AE AEE KE OEE OK 


Ht #H# RH He 


SRE SK EIR A OE SK IK I AE HK e 


;set pointer to BLR(LSB) 
»set RAC 
sload block length(termina. 


>this series of instructio: 
»combines block leneth 
,and the nfc value 

>to forma sixteen dit 
»>word to place in 

sthe block length 
register 


;send enable reg 
3to bmc 


;load starting page addres. 


>this series of instructio 
»;combines page address. 
yand bubble number 

>to form a sixteen bit 
sword to place in 

>the address 

»register 





ea oR SE a 2 aK OK SK OR aR SRE AE OE OR A A AR AC SR SRO OK OG Ro a aR ok oe ae oR ae oa oe oe a oo 
ook * 
;* The routine aborts the bubble memory = 
° te 
oak PS ug Aa oe SRS SP da lea etic Slat el marae radeon phar dl 
aDOr tt: 
mov Gxractiriifn pint tame ot cntr 
mov bh,opcomp smove 48h to bh 
mov al,abtcmd sload abort command 
out cmdsts,al »send abort command 
busy: 
in al,cmdsts ,read status reg 
and al,8dh »smask for busy 
ja poll ,if busy jump to poll 
dec cx ,else decrement time out 
xor ax,ax ;clear ax ree 
cmp Cx,ax »>check time out count=8 
jm. busy ,>time left,try busy again 
jmp eo PReouMnn er ron 
poll: 
in aa nemas ts »read status reg 
test al,bh >wait for status=40h 
jez ret2 ;if operation complete ret 
dec CX ,else decrement time out 
ror ax,ax ,;clear ax reg 
cmp CX, ax *compare timeout to zero 
ise poll ;try again 
reti: 
in al,cmdsts return with status fail 
mov dx,offset msg6 sabort fail msg 
call prtmse »print the message 
call system > jump to system 
retz: 
mov dx,c7600 ;delay 12@ms 
Loop: 
xXOF ax,ax »Clear ax reg 
dec ax ;decrement count 
cmp dx,azx ;compare timeout to zero 
a Z loop »try again 
in alyemasts get status 
ret 
me A Ha A ES CRC A SO ea aa a a eo ae a 
Son r 
;* This routine initializes the bubble sf 
om * 


9 


4 ha zs 


mov 


cxr,W0ffrfh 


wea sk ae oe ote ake she ake ee se coke Stoke ek ea a a ok oe a Kk Seok OK eK 


;set timeout counter 





mov bh,opcomp | 


>mov 4¢@h into bh 


mov adie pena ,load init command 
out cmdsts,al ;send it 

pusyl: 
in al,cmdsts get status 
and al,8@h *;check for busy 
Bez polll sno-try again 
dec cx ;decrement timeout 
wor ax,ax ,clear ax 
cmp cX,ax ‘compare timeout to zero 
Jaw busyl ;try again 
jmp retal »yreturn error 

polr..s 

al al,cmdsts ,;get status 

XO al,bh scheck for op comp 
We Remac eo FeLunnwopmcomplete 
dec Cz sdecrement timeout 
xor ax,ax ,Clear ax 
cmp Gz ,aXx »compare timeout to zero 
iniz po irl ;try again 

revwdi: 
in ale-enmd's.t.S ,eet status 
mov dx,offset msg4 ;timeout failure 
call prtmse ’ 
re 

reta2d: 
in al,cmdsts reget status 
mov dx,offset msg2 ;operation complete 
call prtmse ’ 
ree 

eGR ASS Se ao Sa A a ae AR A ESE a ae ae aca a oe see eae aca a as ak 

“ih a 

;* This routine converts the console input * 

;* to hex values and loads these values as 

;* into the proper memory locations. * 

° p 4 

eS Sa A SA ae A a Se aa eae ae eee eae ete ae ea 

mvtbdles: 
mov bze7or1set tempt »set pointer 
mov d1,84 ;# of digits in blklen 
call convert »;convert decimal to her 
mov blElen,ax mov hex value to mem add 
mov ol era 77 Of digits in nfc 
call convert sconvert decimal to hex 
mov nfc,al »mov, to proper address 
mov d1,82 +4 of digits in enable 
call convert ;convert decimal to hex 
mov enable,al ymov to proper address 
mov d1,04 


ie 


°# of digits in pageno 





mov pageno,ax +mov to proper addr 


mov di,@1 s# of digits in bblinum 

eall §§oconvert *convert decimal to hex 

mov bbdlnum,al smove to preper addr 

ret 
’ 
oak ok ake ee a a ae ac oboe ae a SRS oh ae 2h ae a ae a ae ae ste aie ok os oe ao ak oka ak ake abn ob ok ae ae ok 
eax * 
;* This routine calls the operating system * 
>* to print the message pointed to by DX - 
© x * 
9 
oe Be ac ak ae ae aa ae ae hee ak a ake ac ak ok a ae ak ok a ae oe ae he oh ae te ae oh a ae ate ak a oe ok ak 
pr tmse: 

mov c1,0Sh ’ 

int 224 , 

ret 
; 
9) SRG eB oe he DR oc SK aac DEON ice ae a i OR aK Me Bk ak Be ae ahs shee oie fe ea ae ae a ae ae ak aK aK 
7 x 
fe sos) routine will jump from this program * 
>* back to the operating system oy 
;* ‘i 
oe oe ake ok a ae oe ak a a a ae A ae a ho Sa Se oe Sc a ae ta 2K oR aE ak ak a ok ak ok otek at ae 
system: 

mov c1,00h ; 

mov aie Ooh ; 

inet 224 ’ 
’ 
oc Se SR aR a SO a 2 ae oe A hea a a ae a eo ae a ae a he ae ea a a a oa ae tae a a 
= ac xt 
;* This routine uses the operating system * 
>* to get the character from the console “8 
° of 
9 
©. ea He a MS A ak Oo ae OR A ke 2 CK a 2 A ae a a a a Sa a ok eae ak ea aE 
ee tchaer: 

mov G0 1h j 

int 224 : 

mov templ,al : 

ret 
; 
oe SOR A SK A RE SK OK oe SK aca a a SE A A a a aK a aK oe a a a a a a aK ak a a aE a aE aK a 
* sk 2 
>* This routine calls abort and initializes * 
;* the bubble memory. He 
°K xe 
9 


oe Me ME Re Ee a aR EE SE EE Se aK EE se aK aE aE OK IE AK a AE AE SE AK OK aK EE 
avortc : 


Ganl 1 abort ;oend abort command 
mov 4x,das »move ds location to dx 
mov es,dx 7set es equal to ds 
mov sSi,offset tablel ;set source pointer 


1Z 





mov di,offset bliklen 75et Gest.) p01nter 


mov Co oC +See, 7 iterations 

cld somear direection flag 
rep movs al,al ,load bytes from table 
call wtreel >Write BMC registers 

es Ul Aa ;oend initialize command 
xor al,al »clear al before return 
ret 


see ee ae te ate ah ate se ae a ae ete a eh SK ae ae a fe ak a a a abe ake ate at ak ae ake oe oe ak oe oe 


x 

x cs 
* This rountine executes the send any com * 
* mand function. = 
* _ x 
* 

e 


(A we 20 we oe we we we 


mds: 

call getcmd get command and execute 
XO al,al sclear al before return 
eae 

oe ea a aa ae a PB eo ead ed ate aah cg on ood re en 

= . 

;* This routine displays the status byte * 

;* on the console. * 

:* Pa 

ose ak oi oe eS ae ake ie ae ae Soe ae sais ok oe a a ae oe ae oR SEE aE GA a aR A oe Sa aK a so ok ea a ae 

eerstat: 

canal stostat : 
mov dzx,offset status sprint status byte 
Can] prtmseg ’ 
mov dx,offset msgl13 sprint status mse 
call prtnsg ; 
ror ateal »>Clear al before return 
ret 

’ 

wolrm: 
xor al ,al ,;command not implemented 
ret ’ 

; 

re Sas 
xor al,al »,command not implemented 
ret 

: : 

ma Dir : 
Zor al,al ,command not implemented 
ret : 

’ 

wrtblr: 
xor al,al ,command not implemented 
ret 


1S 





xor -al,al ,command not implemented 
ret 

; 

rafsa: 
xor al,al ,command not implemented 
ret 

’ 

mw res &: 
a0) )¢ al,al ;command not implemented 
ret 

’ 

Paap: 
» <(2) Je al,al ,command not implemented 
ret 

’ 

Reece ° 
tor aaa ,command not implemented 
ret 

’ 

resetf: 
xor aiyal ;command not implemented 
ret 

’ 

pimree : 
xor del eal ,cOmmand not implemented 
ret 

’ 

reset: 
xor al,al ,command not implemented 
ret 

wes Hee A RE He ee EGR oR Ca a Hee A a ae eke eae eae a ae a 

; = aK 

Be ens LsSeene calline routine to write a a 

s* 128 byte vage into bubble memory. af 

ox x* 

mS EO HE CSA A ek a a a a a a a 

Dmwrt: 
eal) abortc ;abort and initialize the bubdble 
call write swrite to the bubble memory 
or al,al »clear al before return 
ret 

a A A aa A A AC CO a a Rc aaa eee ese ea ea 

ek a 

>* This is the calling routine to read a a 

;* 128 byte page from bubble memory. a 

°* 

ES SECE IOI OI IRI IESE SOS IGRI seats tok ea tok ak oc a 

d 


3 
i 
au 
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Call abortc fsabort and initialize the bubble 


call wtreg ;load the parametric registers 
call read ;read from the bubble 

xor al,al ;clear al vefore retura 

ret 


= 
xx 
* This routine reads the status register 
* Hit b¥M bit and records the bit value in 
* memory as an ascii ilordgd. 

x 


Ht dH H t & 


stostat: 


ala! admemas ts 
mov bx,offset (statust3) ;set pointer in bx 
mov Chae 7set number of loons 

agein: 
shl alee >shift msb to left 
jd skip Fjumip if carry = 1 
mov byte ptr fbx] ,3@h ;store an ascii @ 
jmp next 

Sileps 
mov byte ptr [germ Lai rigel ;store an ascii 1 

next: ¥ 
inc vx smove pointer up one 
loop again ,loop to beginning 
xor bx , bx ;clear bx 
Bet 

 ] 

oh A Oe ake Ae ake Ae SH a a ai a ae ok Sake tee oe a Ee ae okt fe oo ic ae OC a aE a ae oe oe oe oe ae ok he a ok 

;* * 

;* This routine gets the values of the para-* 

7* metric registers from the console and f 

;* stores them in memory prior to conversion* 

** to hex values. cc 

hed Xe 

oS SR Se ok eR Ae 2 OE SER a aR RS ES AE aK a aK ae Se ae Be ake ak a aR Sea ae a ak oe ae a 

getval: 
mov dxworiset~ mse? ;poiunt to mse 
call Dr tisce 7 ppenes it 
mov Gxy7eneset mse& ;oount to mse 
call prtmse 7 Pie tat 
call conin »Zzet input from console 
MOV temptbl,al ;mOv value to temp table 
Call conin 7get input from console 
mov temptbl+i,al smove to memory location 
Gala comin »get input from console 
mov temptbl+2,al »>move to memory location 
Cala conin »2et input from console 
Mov temptbl+3,al ;move to memory location 


(ae 





mov dx,offset msg9 sprint next msg 


cant) prtmse ; 
call conden ;get input from console 
mov temptbdl+4,al »move to memory location 
mov dx,offset msgiO sprint next mse 
Gall prtmse ’ 
Cali Conien ,get input from console 
mov temeerpl+>,al smove to memory location 
eel conin ‘ sget input from console 
mov temptbdl+6,al smove to memory location 
mov dx,offset msgil ;print next mse 
call prtmseg ’ 
Cab! conin reget input value 
mov temptbl+7,al 7mov to memory location 
eat CoOniTnD ,get invut from console 
mov temptbl+8,al smove to memory location 
call conin ;szet input from console 
mov temptbl+9,al move to memory location 
Gall @oOnien ,get input from console 
mov temptbl+1¢8,al »>move to memory location 
mov ix,offset msgle ;print next msg 
call prtmse ’ 
call conin ,get input from console 
mov temptblt+ii,al »move to memory location 
zor ax,ax +;Clear ax register 4 
ret 
oS ea Sake ok a os sok ak aie ck eae ake ak oR ae a oR oe oR Soe Oe ae a ae oe Sea oe ae SE a a EE EE 
ss x 
** This routine converts the decimal values * 
>* input from the console to hex values = 
oe = 4 
oss ooo ah ee ea Re Sc ea a a a oe a aaa aca ea sae a aa 
comvert: 
mov temp2 ,O222 | »clear memory location 
cmp Grae . ;see if there are five digi 
ae? convi@k syes-start at 10K 
cmp d1,@4 »see if there are four digi- 
jz convolk Wiesasvart at O1ik 
cmp dl ,@35 eSe@eeif there are three dig. 
jz conv1g@ ‘yescmsovart at 102 
cmp qdi,o2 ;see if there are two digit 
374 convg1g syes-Start at 190 
cmp ol Aime) 0 eee, ue taere “1svone di git 
jz _conveeal Wesa=stant at 1 
Gani system > jump back to system if zer 
conv s@h: 
mov alee ax) ;load value at bx pointer 
sub al,50h ;conovert it from ascii 
mov dx,18¢@¢@ sload dx 
mov ah,8@ ;clear ah 
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Cony | & ¢ 


convi®@d: 


Genvei’: 


convg@i: 


mul 
mov 
rc 


mov 
sub 


mov _ 


mov 
mul 
mov 
mov 
add 
mov 
“nC 


Mov 
sub 
mov 
Mov 
mul 
mov 
mov 
add 
mov 
BOC 


mov 
sub 
mov 
mov 
mul 
mov 
mov 
add 
mov 
pwoge 


mov 
sub 
mov 
mov 
mov 
add 
tac 
ret 


dikeaa x 
ax,tempe2 
ax,dax 
temnpe, ax 
dx 


dx,ax 
ax,tempe2 
ax at 
temp2,ax 
bx 


al, {vx] 
al ,3@h 
dx,1@ 
ah,8Z 

ax 

dx,ax 
ae, LeEMmpe 
ax,dx 
temp2,ax 
bx 


al, {bx} 
al,5@h 
ah,&@@ 
dx,az 
ax,temp2 
ax,ix 

ox 
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smultiply al by 12202 
fosvore it 
pINCreMmenL Peanter 


,;load value at bx pointer 
PCONVETL fmomasci2t 

sload dx 

»;clear ah 

smultiply al by 1802 
;store result in dz 

get result from previous 
,add the two 

wrore the total 
sincrement the pointer 


load value at bx pointer 
»,cOnvert from ascii 

,;load dx 

>Clear ah 

smultiply al by 10@ 

store result in dx 

;get total from previous 
,add the two 

1Store the total t 
,increment the pointer 


;load value at bx pointer 
;convert from ascii 

sload dx ; 

;clear ah 

smultiply al by 12 

store result in dx 

;zet total from previous 
;sadd the two 

»>store the total 
;increment the pointer 


,load value at bx pointer 
»convert from ascii 
;clear ah 

»>store result in ax 

»zget total from previous 7= 
;add the two 
,increment the pointer 





2 4t 4 st 
oT 


ett 
+t 


et] 
fu 
my 4 


“Y we we we we Se we 


"mead i : 


reedc: 


Peads : 


skipl: 


pause: 


pollbd: 


contin: 


Je 
tf 
4t 
i 
3¢ 
te 
4t 
te 
ave 
3 
+ 
Jf 
3¢ 
wn 
Jt 
t¢ 
3t 
st 
oY a 
3¢ 
H. 
tt 
st 


Dx 


eavoriset dat buf 


am, des 
es,ax 
ane, ich 
cmdsts,al 
om, Oteiefefth 


al,cmdsts 
al,8@h 
readl 
error 

ex 0x 


al,cmdsts 
aa, 01h 
reads 
al,datreg 


dx, ,@ffffh 
al,8¢@h 
skipl 

dx 

dx,@ 
reai2 

Dz ,Cz 
temp3, bx 
errorad 


al,cmdsts 
al,8@h 
contin 
Cx ,Oftirn 


al,cmdsts 
al,89h 
polld 
error. 


This routine reads 128 bytes from the 
bubble memory 
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7128 byte count 

>save count in bx 
7S cmon tr pb LO ebuitT er 
»>set es equal to ds 

9 

,load read command 
;send it |. 

> Load ca wi tt counter 


,zeet status 

;test for busy 

>wait for busy 
»>timeout error 

,load * of bytes in cx 


reget status 

ptest for fifoceempty t 
syes,check for busy 
7n0,get data 

store it 

»>try again 

sWwait for good status 


»>timeout in dx reg 
»check for busy 

9 

»>adecrement timeout cnutr 
»compare timeout to Q@ 
;Still busy-wait 

sdytes transferred in bx 
»sStore byte trans count 
;op fail error 


,;get status 

>check for busy 

;no0t busy-send status 
»set up timeout cntr 


»,get status 

»check for busy 

»wait for busy to clear 
;dut not too long 











MOV 
Cael 
ret 
errori: 
Gall 
mov 
call 
ret 
errore : 
Call 
mov 
call 
ret 


= 
sx 
od 
x 
x 
Tr 


Mm we we we we Oe we we 


ite: 


writea: 


writel: 


writec: 


BE ME EE SE NE ME AR EE OK OE SAS AE OK AS AK EAE IK OE BE AE 


dx,offset msg2 
prtmse 


getstat 
ix,offset ms24 
prtnse 


eetstat 
dx,offset msgs 


prtmse 


BR ORE MEE HE HE RE Ne AE HE Ns EOE EAE EK AE AK RE OK OK AE AE NS SE OK OK BE NE AE OK ENE EK OK OE 


This routine writes 128 bytes into the 
bubble memory 


al,idh 


bx 


si,offset wrtbuf 


a2 Oh 
cmdsts,al 
ex-vfirifn 


al,cmdsts 
al,&@h 
wer itel 
errorii 
al,@ihn 
Wrote 
errorii 
Cr , 0X 


al,cmdsts 
al,@lb 
writes 

av 
datreg,al 
writeed 
pausel 


WS 


BE BR AE SE OK AS ASK AEE HE OK AE EAE OE 


op complete msg 


» 
] 
e 
’ 


display status byte 
stimeout failure 
; 


‘display status byte 
,Op fail mse 


’ 


+t 
+ 
+ 
+ 


Ht HH Ht dt 


77 of bytes to write 
,save in vx 

*fifo reset cmd 
,issue it 

,save vx 

swrite registers 
;retrieve bx 

»set pointer 


,load write cmd 
,issue it 
stimeout cntr 


>get status 

»check for busy 

Water or busy 
stimeout error 

;check for fifo ready 
»,Wait for fifo 
;timeout error 

,load # of tytes in cx 


,get status 

»>check for fifo ready 
»no-~wait 

syes-get data 

;send data to bubble 
120 again 

sreturn good status 





wo bes 


mov olf €5 2 U5 wel 7Sset timeout Cntr 
test al,&0h meest. 1oOr =bilsy. 
je Skipil ; 
dec dx ;dec timeout cntr 
cmp dx,0 ;compare timeout to @ 
jivz write2 +try again 
Siedepil: sib bE, CE °* of bytes trans. 
jmp error22 ,0p fail error 
pausel: 
in dep cmas ts szet status 
tie’s t al,20h »check for busy 
jz Gontini sreturn staus/op comp. 
mov cm, Offifh set timeout 
pollbi: 
in al,cmdsts get status 
test al,8@h *check for busy 
loopnz pollidl rwalt 
OiGTAZ erroril ;but not too long 
eet ini : 
call Petstat display status 
mov dx,offset msg2 ;op complete mse 
call prtnse ; 
ret 
errorll: 
call petstat display status 
mov ayporffset mse4 ;timeout failure 
cal 1 prtmse ’ 
ret 
errorec: 
call zeatstat display status 
mov dx,offset msg3 ;op fail msea 
call prtmse ’ 
ret 
| 
oS AK SE a aR a Ae A a CR ee aK HE a Be BE SE EO a aR IE OE ee Oe ae aa Se ae a a oe aha ak ok a oe ae 
° tt ze 
** This routine presents the command menu for #* 
;* the send-any-conmand function in the main * 
7** menu. It also calls the appropriate sub- * 
;* routines for the chosen commands. % 
$x =e 
ok a ate ae fe eo a a Se Se a OR Re OR a aE OE OR a ag ae ok ee 2 ak aE AE a A Se A OE TE ot a Be ae a oe ae eae 
getcmd: 
mov dx,offset msgi4 ;Print menu for commands 
earl 1 prtmse ’ 
call getchar »>Get console input 
and aa), 7 fh 5 
cnp al,etx »;Compare with control C 
Wn Z cmd@ : 
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cmd@: 


cman: 


emndic : 


emas: 


cmda4: 


emd5s: 


cmd6: 


emd 7 $ 


cmd@: 


emae: 


cmda: 


cmdab: 


emac: 


cmdd: 


call 
cmp 
Bhar 
Cal 
cmp 
in 2 
eal) 
cmp 
alee 
call 
cmp 
Wee 
call 
cmp 
jnz 
Can 1 
cmp 
Ta Z 
eal] 
cmp 
igi 74 
call 
cmp 
a 2 
call 
cmp 
jnz 
call 
cmp 
Aieez 
Cal 
cmp 
juz 
Call 
cmp 
IDZ 
Cail 
cmp 
a Z. 
cael 1 
cmp 
uses 
caw] 
cmp 
jnz 
Cait 
cmp 
call 
ret 


system 
al ,°27 
cmdl 
wbirm 
ali 2 
cmd2 
abomtc 
qicete 
Cmasd 
bmrda 
cha te 
cmda4 
omwrt 
al,°4° 
cma5 
Pas 
cel fala 
cmd6 
ello ll se 
ale io 
cma?’ 
wrbpolr 
Sluseur 
cmda8 
“Belen 
aie S 
cmda9Q 
rdfsa 
al, 9 
cmda 
abortc 
a, A 
cmdb 
wrtsk 
a 3 
cmdc 
rdbtl 
aie. 
cmdd 
mci 
a, DD” 
cmde 
resetf 
ail. ae 
cmdf 
purge | 
al,°F- 
reset 


Sl 


is ON UROL Comimpa Os) Ss Le 
»Write vootloop register mas} 


Initialize command 


Read bubble data 


write bubble data 


»Read seek 


read bootloop register 


t 


»#rite bootloop register 


pWrite bootloop 


Read FSA status 


Abort 


Write seek 


Read bootloop 


Read corrected data 


Reset fifo 


MBM purge 


»sortware reset 


@e¢ we OS aR RN Sn, Se, RR ee @6¢ we we we we C26 Be Be CO wel gels Sain cor or ae 








mov Cle O1nh- ; 
Bene 224 ’ 
‘ret ; 
0 RA A AE a BEE EE He A a A SR ee a a a aR A AR EE a BE Oa a a aE a a 
7 a 
Mm 9161S routines writes ¢Ge5h into each byte * 
;* in the bubble memory system. This is * 
;* preparatory to using the bubble as a x 
‘lied disk * 
tus ‘g 
oak os Se SD ok BR ORS OE Ba Oa a a ae sO a a a oo ae ok a aK oe a a a SAE a a oe Ea oe 
9 
formatbdb: 
mov ix ,2847 set counter equal to # of 
mov ax,7@@ih sload block length 
mov blklen,ax >block leneth equal 1 
mov al,@2h ,load nfc value 
mov Ofc,al snfc equal 2 
mov aa. 26h ,;load enable register value 
mov enable,al ;enable equal 2@h(level 1 FE 
mov al,@@h »Clear al 
mov ddlinum,al >bdinum equal @ 
forma ti: 
mov al,idb ,lGed reset fufo cmd ; 
out cmdsts,al ssene it 
mov ate, 2 smove value in dx to ar 
MOV pageno,ax ,;page address equal to valu 
eal] wtreel »load the parametric regist 
mov ox ,128 >ox equal byte count 
push dx *save dx value 
MOV Si,offset frmbuf »5€t pointer 
call writea »write a 128 byte page 
pop dx »sretrieve dx value 
dec dx ;decrement dx by one 
cmp oe Ga »,compare dx to zero 
jm z formati sif not zero go again 
ret 
9 
blklen = rw 1 = 
nc PD 1 5 
erable rb 1 ’ 
pageno fw 1 ’ 
dblnum rb a ’ 
9 
tablel dab 98 ,99,21 ,26h,03h,Offh,8i 


9 

table2 rb 

9 

tables rb 7 


oe 


-_ 
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temptbl rb ee 


? 

tempi rb 1 

tempe rw 1 

temps rw 1 

| 

datbuf rb 128 

frmbuf db Se5h ,Ze5h,€e5h ,Ge5h ,Bedh,Ge5h,@ed5h, Ge5h,Gedoh 
db Ze5h,?e5h,@e5h,€eSh ,Ced5h,@e5h,@e5h,@e5h,0e5h 
abd Ge5h,@e5h,@e5h,@e5h ,Jedh,Ge5h,Ge5h,Ge5h,Gedh 

cls Ge5h ,Ge5h,2e5h,8edh ,Bed5h,0e5h,Ge5h,Ge5h,0e5nh 

ab Pe5h,Ce5h, Ge5h,@e5h ,feSh,@e5h,2e5hn,?e5h,2edh 
ab Ge5h,Ged5h,@e5Sh,8e5h ,dedSh, GeSh, Gedhn, Ge5h, Vedh 
db 2e5h,2e5n,@e5h,0e5h ,Ge5n,9e5h,Cedh,A@e5h,Aedh 
db Fe5h,@edh,2e5h,2edh ,Cedh, Ge5h,@e5h, %e5h,@ed5h 
db BeS5h,@e5h, Ge5h,G0e5h ,Ged5h,8e5h,@e5h,Ge5h,8e5h 
db Be5h,@e5h,@ed5h ,Gedh ,Oe5h,Ge5h,Ve5h ,8e5h,8ed5h 
db PedSh, CedSh, Ge5h,Gedh ,@e5h, Gedh,¥e5h, Ce5h,Ge5Sh 
ab Ge5h,@eS5h,@e5h,Gedh ,Gedh,Gelh,Gedh, Ge5h,Gedh 
db Ge5h ,Ge5h,@e5h ,Cedh ,deoh, Ged5h,0e5h,Ge5h,0e5h 
db Ge5h ,CeS5h,Cedh,2edh,Zedh, Ge5h, €ed5h, Ce5h,Gedh 
db Ze5h,8e5h 

wGebus deb Gh, @ih,@2h,@3h,04hn,85h,06h, 07h ,@8h ,89h 
ab @an,.0bh,@ch,¢@dhb,@en,@fb,10b,11h,12h,13h 
db Meron On, len. lomeron,tlah,ibh,lch,idh 
db Women nhe cUN cane ceommeon,c4h,coh,c6h,27h 
db 28h,29h, 2ah,2bh, 2ch,2dah,2eh, 2fh,30h,31h ! 
db Scop oen och. oom oommornh o8h,d9h,Seh,Ssbh 
ab Sch,ddh,deh,d5fh,40b ,41h,42h,43n,44h,45h 
ab 46n,47n,42@h,49h,4ah,4bh,4ch,4dh,4eh,4fh 
db Sune oh Ofheoen ofan soon, 56n,57h,58h,52oh 
ab Sees bi, OChm oan en. oafh,60n,6lh,62h,63h 
db 64h ,65h ,66h,67h, 68h ,69h,6ah,6bh,6ch,6dh 
ab Senor. (Cl, eune renee on,74h,75h,76h,77h 
db @eneron. an. con. reneradn, 7eh,7fh 

Kempst FD pi 

| 

status db cr,lf,’ CW eee ake OX XS °K CX’ LIP 

) 

msgl db Cnt... Menu for Bubble Memory Control] 
ab erelf. select one function” 
db “eecreltsif, “1° Abort Command 
ab cr,lf,° 2 - Send Any Command’ 
db cr,lf,° 3 - Get Bubble Memory Status’ 
db cr,lf,° 4 -— Format Bubble Memory’,cr,lf, °$’ 
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db 
db 
db 
db 
db 


db 


db 


db 
db 
db 
db 
db 


db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 


end 


id 


er,if, Operation Complete’, ~$ 
Crmltacomerdiiion hailed ,~$~ 

Cif, Gime Out Faidure “, S$” 

Cpt Noexesponse | > 

Cumitqmnbomt Pail, >” 

cr,lf, Enter Parametric Register values’, “$ 
cr,lf, Block Length @-2047 (enter 4 digits) 
cr,lf, Number of Channels @-4 (enter 1 digi 
cr,lf, Set Enable Register 1-99 (enter 2 di 
cr,lf, Page Number @-2047 (enter 4 digits)’ 
cr,if, Bubble Number @-3 (enter 1 digit)’,’ 
cr, This is the Status Byte’,cr,lf, “$° 


cr,lf,° Menu for Command Selection 


eregit . Select One 

cr,lf,lf,° @ -— Write Bootlocp Register Mask 
cr,lf,° 1 - Initialize’ 

cr,lf,° 2 - kead Bubble Data’ 

Cr,lf, S —Write Bubble Data“ 
cr,lf,° 4 - Read Seek’ 

cr,lf,° 5 - Read Bootloop Register’ 
Crait, © — Winee Boovloop Register” 
cr,lf,° 7 - Write Bootloop’ 

cr,lf,° 8 -— Read FS! Status’ 

cr,lf,° 9 - Abort’ 

cr,lf,° A - Write Seek’ 

cr,lf,° B - Read Bootloop’ 

cr,lf,°  C - Read Corrected Data’ 
cr,lf,° D - Reset FIFO’ 

cr,l1f,° E —- MBM Puree’ 

¢r,if, F — Software Reset’,cr,1f,°$” 
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APPENDIX B | 
PROGRAM LISTING OF SINGLES.DEF 


aqisks 


@aisee@er 8,1 ,26,6.1024,243 ,64 ,64,2 
diskdef 1,0 


dismaer 2,1,26,¢0,1024 ,242,64,64,2 
endef 
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ee ee Der 
PROGRAM LISTING OF SINGLES.LIB 


} Drone © 
dprase equ : ;Base of LTisk Parameter Bloc 
dred dw r1td,0000h ;Translate Table 
dw 220Gb ,O8SSh ;Scratch Area 
aw Gin Gut ,a pod >Dir Buff, Parm Block 
dw csv@,alv@ >Check, Alloc Vectors 
Gece 1 ‘dw Xx1t1,000G8h »>Translate Table 
dw O2@Oh ,C2dch socratch Area 
dw airnut ,apb! »>Dir Euff, Parm Block 
dw Cove aly 1 »>Check, Alloc Vectors 
djec dw rltc,d0@dh »>Translate Tatle 
dw G2¢0h ,@29Gh ,oCratch Area 
dw Gero ut go obec pOmeneeurt, Parm Block 
dw Csvienalvec >Check, Alloc Vectors 
; Wok DEY @6,1,26,6,1024,24¢2,64,64,2 
darted equ offset $ »;Disk Parameter Block 
GW 26 »ysectors Per Track . 
ab pelockesolit 
ad 7 »>Block Mask 
at Q >;Extnt Mask 
dw 242 ;DISwe ot ze = 1 
dw e sDirectory Max 
dt 19¢ sAlloc@d 
ab g ;Allocl 
dw 16 ;Check Size 
dw Ye sOffset 
x1t@ equ eifset § »Translate Table 
db MPC LOS 
dt Poh ofa Gs les on a 
db Zoro Oy Lo 
db ee Oh les 
db 20620 ,0,12 
db hee24 4,12 
db IS a 
2e1s2 equ cal sAllccation Vector Size 
css@ equ 16 »>Check Vector Size 
; LISKDEF 1,2 
dpi equ dpte sbquivalent Parameters 
alsl equ als@ ,same Allocation Vector Size 
cssl equ css@ >Same Checksum Vector Size 
& ll equ rel 1%, ,;oame Translate Tatle 
; pieokeremer 2.1,26,0,1024 ,2€45,54 ,64,2 
dpb2 equ offset $ sDisk Farameter Block 
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Hit 


| 
teedat 
dirtur 
alvd 
csvd 
alvi 
csvl 
alvz2 
CSVZ 
enddat 
datsiz 


Ss) an) caeal Batre 

1G) GLC Gomis 
17725 ,1°9,4¢ 
2imcce,cO;e4 


cameo 


et 


16 


wOeeCtors. Per ‘Track 
polocs Shift 
,Elock Mask 
;Extnt Mask 
»Disk Size - 1 
>Directory Max 
pA oc? 

,;Alloci 

;Check Size : 
;Offset 
»>Translate Table 


imerocation Vector Size 
»>Check Vector Size 


Uninitialized Scratch Memory Follcws: 


equ 
rs 


offset §$ 


128 

als@ 
cssé 
alsi 
essi 
als2 
Esse 


offset 
ofrset 


3 


a6 


~begdet 


eh 7 


sStant of Scretch Area 
wUerecvory Luifer 
;AMbloc Vector 

jomeck Vector 

wa Ce eG tOr 

sCheck Vector 

»sAlloc Vector 

»>Check Vector 

;hbnd of Scratch Area 
,Size of Scratch Aree 
»sMarks End of Module 





Pe eNO Dd 
PROGRAM LISTING OF BUBBIOS.A86 


~3 
title “Customized Basic I/0 System’ 


oSKEREKKAKK KARAM KKKKAKKARAK AKA A KR KES 


] 

si * 
;* This Customized BIOS adapts CP/M-86 to * 
jee Ol Mowing nardware configuration = 
“il Processor? .1SEc S612 * 
; * Comtrpollem: iS8G 201 * 
nt iSBC 254 Butble Memory * 
= Memory model: 8&8 ™ 
[= Programmer: Gery Theis *x 
,% * 
adi Réyisions : * 
. * * 
Se Ee ES OR BK BR SEE SR DE EE EE SE OEE EAR FR ER OK EOE OE OE a 
‘ true equ: -2 

false egu not true 

or equ db ;carriage return 

Me egu ah ;line feed 

rax retries equ 18 ;for disk i/o, before perm error 
oe AR SR A OE DE AE EE SS DE EEE AR SE A RE SAR aK OE OE ES OER OO RO OE 
-* of 
w= Loeder bios is true if assembling the * 
i DORDEH B1OS, otherwise BIOS is for the me 
Ww CrmsSYS file. * 
;* x 
OED He SEDER SE RAR OE IE A A RE SR SR ER ER RE RE RIK OE ER OE OR AK OK 
LOADER BIOS EFQU FAISE 

tdos int equ 224 ;reserved BDOS interrupt 

IF not loader bios 

2 ) 
| i 
tios_code egu 2500h 

Gep offseit equ 088Sh 

tdos_ofst equ @BG6h ;EDOS entry joint 


ENDIF ynot loader bios 
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i loader tios 


bios code equ 1208h ;start of LDEIOS 
Gey ofiset egu @@03h ;base of CPMLOADER 
Palos of st equ @406h ;strizpred BLOS entry 
e | 

1 


ENDIF »loader_ bios 


GSts Equ @deh 318251 status port 

cdata egu @d8h 3 data 

; 

} 

’ ME OR BE SOE SK RE AE AE OK OK EK EOE OK OE RK AK TK OE OE ECE OK ROK OK OF ROK EO 

;* x 

;* INTEL iSBC 221 Disk Controller Ports og 

. x 

eR SSE RAE RE RR a RR 

tase equ 878h 

rtype equ taset+l 

rtyte equ tasets 

reset equ base+? 

dstat equ bese 

{ bow equ taseti 

thigh equ vbasete 

SSE SR EK AR SK SK OE AR ORE OE EE a RR A OR SE A OK RE OR RE RK a aK 

Ge * 

7” WWIEL 1SBC 254 rubble Memory Ports = 

— and Equates = 

> * * 

6 SE BE SE SE SE A BE AE SR BE EE ee A EE EE RR OR AR EE aK OO a I 
felt agen equ Odb ;pointer to first 
cmdsts equ fh ;command/status | 
datreg equ Geh »;data port 
nfCc equ Och >nDurber of chann 
enable equ 28h ,;enable register 
btlnum equ SSh ;sets bubble sel 
bliklen equ Sib ;sets 128 byte bl 
attcmd equ 1Sh s;atort command 
intcmd equ ‘lib sinitialize comm. 
recimrd equ 12h »;read command 
wrtcma equ pS) s;write command : 
fremd equ 1ldb »sfifo reset comm 
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IF not loader_bdios 


om Ge Ge gee gee eee ee ee ee ee ee ee ee ee eee eo ees ee es ees ee ee ee es es ee ees ee ee ee ee ees ee es ee ee eee ee a ee ee 


| 
jes 1S sami Os for the CPM.SYS file. 
> Setup all interrupt vectors in low 
» memory to address trap 


Call abort yabort the butble 

call initt sinitielize the tuttle 
push ds »save the DS register 
tfov IOBYTE,2 »Cleer JOBYTE 

mov ax,@ 

mov ds,ax 

Mov es,ax »;set ES and DS to zero 


»;setup interrupt @ to address trap routine 


mov int® offset,offset int_trap 
Tov int@ segment,CS 


mov di,4 
mov si,9 »;then propagate 
moy cx,olg ;trap vector to 


rep movs ax,ax ;all 256 interrupts 

»;2DOS offset to proper interrupt 

Mov tdos_offset,bdos ofst 

pop ds yrestore the DS register : 


(additional CP/M-86 initialization) 


oe oe ce ws es es es es es es es a es es i es ee ee ee es es es es eg eee ee ee ee ee 


ENDIF »not loader bios 


IF loader bios 


»this is a BLOS for the LOADER 


push ds s;save data segment 
mov ax,@ 
Tov ads,ax »;point to segment zero 


»>EDOS interrupt offset 
mov bdos offset,bdos ofst 


mov tdos segment,CS ;bdos interruyt segment 
(additional LOADER initialization 
poped's yrestore data segment 

| 


ENDIF ;loader_ bios 


mov tx,offset signon 


call pmse sprint signon message 
mov cl,8 sdefault to dr A: on coldstart 
mp ccp »Jump to cold start entry of CCF 


Si) 


— 7 
ot ot okey ¢ 3 ‘ 


~~ & 


a 
- - 
: 








cseg 


Chi gg SOrporuset 
SCP: 

org EA SeGode 
oS SK aK 2 2K a So SK OR SA SR AR OR a aK A a a oR RE OK CE OR aR AE HE OK 
; x 
>* BIOS Jump Vector for Individual Routines * 
e b= p 4 
] 


© SE SR OR SK SR AE Se AR SR a a SR OR OR SK a a a a OK aie RR Oe Oe OO 


jmp INIT ;Enter from BOOT ROM or LOADER 
ig WrOOT ;Arrive here from BDOS call @ 
imp CONST ;return console Keyboard status 
jmp CONIN ;return console keyboard char 
jmp CONOUT >write char to console device 
jmp LISTOUT »write Character to list device 
jmy PUNCH swrite character to funch device 
jmp READER »;return char from reader device 
jmp EOME ;move to trk 62 on cur sel drive 
jmp SELDSS ;select disk for next rd/write 
imp SSTTRE wosev treck for next rd/write 

jmp SETSEC ;set sector for next rd/write 
jmy SETDMA ;set offset for user buff (DMA) 
jmp READ »,read a 128 byte sector 

jry WHITE »;write a 128 byte sector 

jap LISTST ;sreturn list status 

jmp SECTRAN ;Xlete logical-Dphysical sector 
jmp SETDMAR ;set seg base for buff (DMA) 

imp GETSEGT sreturn offset of Mem Desc Table 
jmp GETIOEF ;return I/O map byte (IORYTE) 


jmp SETIOSF ;set I/0 map byte (IOBYTE) 


2 A eae wae Pat mee Be Bee He ES oe BE AS EE AME OE KE aS OK BK OK AE OK OE OE OK OK OK EOE OE 


ox x 
: a ieiieewaary Fotut, Differs for LDBIOS and * 
;* BIOS, according to Loader_Bios value ig 


] 
= i‘ 
gE ERE OR AR ME OE EE AE BK OK BE OE BR OE KE OR AR AK ER AEE OK BR OE OK OK BK OK NE IE MK IK OK MRK 


LN s »>print signon message and initialize hardware 


mov ax,cs swe entered with a JMPF so use 
Tov sS,ax 1CS: as the initial value of SS: 
mov ds,ax 7vo< 5 

mov es,ax yand ES: . 


suse local steck during initialization 
mcev szt,offset stktase 
Cid Hsetevorward adirection 


oF 





“a 


WBOOT: jmp ccpte Falrect Entry to CCP at command 1. 


IF not loaders tlos 
| SoHo a ees Se ee ee ee 
a 
int trap: 

coal sblock interrupts 

Mov ax,cs 

Tov ds,ax ,get our data segment 

mov tx,offset int_trp 

call pmsg 

bet shardstop 


— Se ee ee gee ee eo eee ee ee ee ee ee eee ea ee i ee ee ee es es es ee ee es es as es as es es ee ise es oe ee 


ENDIF snot loader bios 


SSR OK AR SR SRK SRE RE TR RR AR RE EB A ES RE EK EE RE EK A OER AR RE OE EE OK 


_ x 
; * CP/M Character I/0 Interface Routines * 
. x 2 
;* censole is USART (1825184) on iSBC 8612 * 
ao at ports D&/DA - 
9. SR OR eR RO AR aK SR SR AR A OK SR AR OR AR SR a aR a a a A OK oR a a a ae EO OR a 
CORST : ,console status 

Mowal,cst S 

ema “al, z 

jz const ret 

Gr al.2o5 sreturn non-zero if rda 
const ret: 

ret »rcvr data aveilatle 
CONIN: console input 

call CONST 

jz CONIN »>wait for RDA 

in al,cdata 

and al,7fh »read data & remove parity bit 

ret 
COROUT: ,console output 

me al,csts 

and al,il ,get console status 

jz CONOUT 

Tov al,cl 

out cdata,al stransmitter buffer is empty 

ret: »>then return data 
LO DeOCT: ;list device output 


»not implemented 
ret 
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EES TStT : »>poll list status 
snot implemented 


Tew 
FUNC 3 : >write punch device 
snot implemented 
READER: 
Tov al,iah sreturn eof for Dow 
ret 
GSPlLOrr: 
Mem AL, LCERYTS sLOBYTE NOT IMPLEMENTED 
ret 
SETIOR®: 
Mom TOEBYT? CL 
ret »iotyte not implemented 
> Routine to get and echo a console character 
; and shift it tc upper case 
uconechc: 
call CONIN get a console character 
puUSe ax 
Poy Cl ,au »save and 
call CONOUT 
TOe az echo to console 
cmp al,’a™ 
jb uret sless than ‘a’ is ok 
cmp el,°2° 
ja uret ;greater than °z° is ok 
sub al,’a’-“°A” jselse shift to cars 
uret: 
ret 
Perse: 
mov al, [{BX] ;get next char from message 
test al,al 
diz return »,if zero return 
rov CL,AL 
cell CONOUT ; Delete: © 
inc BX 
jmps pmse snext character and loop 


© ARK A ME KE ME AE OE ROR KE EE ER KK EK RK 


’ 

7 ~ 
“ong Disk Input/Output Routines * 
x x 
eae re Sea shee 3 Px He Me A Ee oe AE OK SR Oe IKE RIE KO EK 


=? 


ere ee 





SELDSK: >select disk given by register CL 


ndisks equ 3 j;bpumber of disks (up to 16) 
Woev disk,c¢cl »save disk number 
mov tx,8@?@@h yready for error return 
cmp cl,ndisks sn beyond max disks? 
jnb return pheturcn if so 
mov ch,@ sdoutle(n) 
Moy bx .cx »>ox = n 
Mov cl,4 sready for *16 
SW txr,ci sn =n * 16 
mov cx,offset dpbase 
edd bx,cx sdptase + n * 16 
Return: ret ;bx = .dph 
BOMe : sMove selected disk to home position (Track @) 
mov trk,@ »zero the track number 
mov al,disk sget disk number 
cmp arc »check if its the bubble 
jz ret_hme p5eap if so 


mov io com,homcom 
Gal] eExccute 
met. bme : met 


SETTRK: ;set track address given by CL 
Tov trek sel 
Rev 


SETSEC: ;set sector number given by cl 
row sect ,CL 
ret 


SECTRAN: jtranslate sector CX using table at [DX] 


mow ch ,v 

mov bx,CX 

add tx,dx ;add sector to tran table address 
mew tl, (bx j ;get logicel sector 

rev 


SETDMA: ;set DMA offset given by CX 
mov dma _adr,CxX 
ne 


SETDMAB: ;set DMA segment given by CX 
mov dma seg,CxX P 
per , 


? 
GETSEGT: j;return address of physical memory table 


Mowe bx,O1iset ség table 
net 
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4t 
+t 


SH Ut OH 4 


All disk 1/0 parameters are setup: 
DISK is disk number (SFLDSK) 
TRK is track number (Sha Dak) 
+ SECT is sector number (SETSEC) 
* Din ADR is the DMA 1sb offset ze 
* RFAD reads the selected sector to the DMA* 
= gaddress, and WRITE writes the data fror * 
x 
x 


seo og koe eK RR RRR RSA EAR RRR KRE RREES 


x 


+ tH tt + 


the [MA address to the selected sector = 


x 
BREE RE ES SOE EE A Oe SER ES EE RR RR ER EE OR BO aK a 
THAD: 
mov al ,disk ,get disk number 
cmp al,c 7is it the bubble 
jz skprd »if so skip to tubble read 
mov cl,4 


or al,rdcode 

mov io_com,al 

jmps execute 
gkpre: jmp turd 


Wor): 
TOV al ,disk 
cmp aula 
jz sktwrt 
mov cl,4 
sal al,cl 
Om al,wrceode 
HOveLO Gom,al 
jmps execute 
Secowrt: jmp bubwrt 
EXECUTE: 


owmkier rekry: 


;scomtine disk select with opcode 


»;create iopbd 


;jump to bubble read 


»get disk number 
»,is it the bubble 
;if so jumy to bubble write 


screate fjopb for write 


,;execute disk routine 
;jump to bubble write 


Move rey cot ,Max retries 


retry: 
in al,rtype 
iar al , rbyte 
call sendcom 


i dike: in al,dstat 


sclear controller 
; 


»wait for completion 


and al,4 ,ready 
a2 id lie 
; check i.o. completion ok 


Tomar tey re 


3): 





0 unlinked 1/o complete 91 linked i/o comp. 


y 
; 10 disk status changed 11 (not used) 
; must te a @8 in al 

test an rVt ;ready status change? 

JNZ WHEADY 

OR AL, 

jez werror ;sore other error, retry 
; check i/o error bits 

in al,rbyte 

rel al yi 

mov err _code,8&b 

je wready ;unit not ready 

Wer val il 

mov err_coce,al 

end al,dfehb seny other errors? 


jnz werror 


’ read or write is ok, al contains @ 
ret 


wreaae. sot ready, treat’ aS an error for now 
in al,rtyte ;Clear result byte : 
jnpe trycount 


wemucr.s ;sreturo hardware malfunction 
tLryeount: 
ec rtry cnt 


Vaz retry 

mov al,err_ code 

mov ah,®@ 

mov bx,ax >Make error code 16 bits 

mov tx,errtbi [EX] 

call pmsg sprint appropriate message 

in al,cdata sflush uSsSart receiver buffer 
call uconecho ;read upper case console charact 
Gmmeal,  O- 

je wboot 1 ,cancel 

Crp a2, Rm 

Je outer retry ;retry 18 more times 

emp al, i” 

je z_ret ,ignore error 

Gr val ,295 »;set code for permanent error 


7 erets 6 6LT et 


wboot_l: ;can’t make it w/ a short leap 
jmp WEOOT 
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om 
> 
;* sendcom sends the address of the iopd to 
‘mm Mie slobe 204 
a 
ARE 
sendcom: 
MOV CL,4 
MOV AX,DMA_SEG 
SAL AX,CL 


ADD AX,DMA_ADR 
MOV I10_ADR,AX 
MOV CL,4 

MOV AX,CS 

SAL AX,CL 


ADD AX,OFFSET CEANCID 


gut ilow,dal 
mov cl,8 
San ae, € 1 
out wiigeh,el 


sie a oe se RE ee a a RRR AAKAAER AREA KKK ARS 


oe hk oe eK oe EE EK KRAMER KAAERKA RAK SRAR KKK HEA 


x 
Bad 
ro 
+ 
Xe 


sADD SEG & OFFSET FOR 201 


ek ae ee oe ee ee ee RK Ee 


; 
i 
A x 
;* This routine reads a 128 tyte sector from “ 
— the bubble memory module. ~ 
ox *x 
Re RR ERE RRR ER SRT RES RETEST RE RRMA EH 
Burord ; 
TOV ah ,@ »,cClear ah register 
mov al,trk »get track number 
mul constn multiply by 26 
xor ax , ax »,Clear dx 
add dl,sect ;add sector number 
add ax,dx yadd total 
Tov pageno,ax »,this is the page number 
ea) wtreg swrite parametric regist 
push es ;save extra segment 
mov ax,dma_ seg »;Set the extra segment 
mov es,ax ;equal to the dma seg. 
mov bx ,128 3128 bytes to be read 
- mov di, dma_adr »;set pointer <a 
mov al,rdcmd ;get read command 
out mas oy. moend it , 
Tov Cxmer rif ih »set timeout counter 
tread1l: 
in al,cmdsts get status 
test al,8@h ;test for tusy 
loopz treadl »ywait for busy 


oF 





Ereedc: 


breadd3: 


ouero': 


contin: 


emrori: 


emnorc : 


jcx2 
Tov 


in 
test 
jz 


in 


stos 


i cio p 
jmp 


mov 
test 
jz 
dec 
cmp 
jz 
sub 
mov 
Jmp 


in 
test 
iz 


MOV 


in 
test 


loopnz 


jeez 


zor 


PCp 
ret 


mov 
call 
Cad 1 
call 
MOV 


pop 


Tov 

cell 
call 
call 


mov 


FOp 
ret 


error. 
cx, Ox 


al,cmdsts 
al,@ih 
treads 
al,datreg 


al ,88h 


ax,@ 
breaded 
Dx ox 
temr3,bx 
errore 


al,cmdsts 
a1,8@h 
eon tin 
Cx Oi ert h 


au’, emasts 
al ,8@h 
pollbd 


errori 


al,al 
es 


baeror?t Set buberri 


bx,offset tuberr2 


PMSEé 
abort 
inbitet 
al ,@lh 
es 
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»>timeout error 
,load # of bytes to read 


9G6EUL Status 

»test for fifo empty 
myco, CHECK 1onepusy 
»no,get data 

youore it 

9g0 again 

»wait for good status 


» timeout in dx reg 
peReECK 1Or) vusSy 

3 

,;adecrement timeout cntr 
,cOomMpare timeout to OB 
»>Still busy wait 

»ovytes trans in bx 
»>store byte transfer cnt. 


get status 

»check for busy 

snot tusy-send status 
Weelwup timeout cntr. 


»get status 

»Check for busy 

jwart tor ctusy to clear 
»ytut not too long 


yreturn a 9 in al 
»yreturn extra segment 


> timeout error 
>fsrint the message 
,yabort the bdubdle 
,initialize the bubble 
»return with ail1iin al 
yreturn extra segment 


PhCaGmsOpet dallas... 
»print the message 
,;abort the bubble 
yinitialize the bubble 
»return with ai in al 
yreturn extra segment 





sak 
al 2 
>* This routine writes a 128 byte sector - 
ie into the bubble memory * 
. x x 
0 Sea ROR RRR OR SE OE AR AE NEAR RR EC 
bar ower t : 
MOV ah ,@ ;clear ah register 
mov al,trk ,get track number 
rul constn multiply by 26 
xor dx, 0 x »Clear dx 
add dil,sect sadd sector number 
add ax,ax ,;combine the total 
mov pegeno,ax »this is the pége number 
Cajal wtreg »swrite parametric regist 
TOV ax,dma_ seg »set the data Segment 
TOV si,dma_adr 3set pointer 
Eusn ds ;save data segment 
TOV ds,ax ;equal to the dma seg 
mov Execs snumber of tytes to be 
mov al ,wrtcmd s;load write command 
out cmdsts,al >send it 
mov Crore itiT ih »timeout cotr 
Maritel : 
in el,cmdsts »get status 
test al ,80h ;scheck for tusy 
loopz Dwritel ;wait for busy 
JCeZ errorll »>timeout error 
test al,@ih »test for fifo ready 
loopz bwritel swait for fifo 
Jerz errorll ;timeout error 
mov Cx nx »,load # number of bytes 
twee iver: 
in ac imds tS »get status 
test al gin »>check for fifo ready 
jz twrites sno-wait 
lods al ,yes-get data 
out datreg,al »send data to bubdble 
loop bwritec ,gO0 again 
mp maw Sed »yreturn good status 
meri ves : 
TOV daeyori tth 75$et timeout cntr 
test al ,8@h »;check ofr busy 
jz Skipll ’ 
dec dx ,;decrement timeout cntr. 
cmp dius scompare timeout to zero 
ay twritee »try again 
skaipli: svt ME Cx »# Of bytes transferred 
jmp Grrorec ,Op fail error 
pausel: ; 
in al,cmdsts »gzet status 


Sp te a Se ee he ee a ok oe ee ak ak Rak 


313) 


fe sok a oe ok ok oe a eK Oe 





moral Dl: 


contini: 


erroril: 


errorce : 


4+ 
+t 
+t 


cr 3¢ ft tH tt ft 
+t 


Q) we we we we we 


a 


Oo 


tusy: 


poles 


test 
jz 


mov 


in 
test 


loopnz 


WCXZ 


xor 
pop 
ret 


TOV 
call 
call 
pop 
call 
mov 
ret 


mov 
call 
call 
pop 
Gaal 
mov 
ret 


al ,8@h 
Cone .n) 
exeoriffh 


al,cmdsts 
al ,&@h 
pollbi 
Prronid 


al,al 
ds 


tx,offset buberrs 


inith 
al ,@ihb 


bx,offset buberr4 


TSE 
amor t 
ds 
wentaale 
al ,@ih 


GaeCifitfh 
th ,40h 

al,abtcmd 
cmdsts,al 


al,cmdsts 
al ,8@h 


al,cmdsts 
al,4dh 
rete 


scheck for busy 
»yreturn of complete 
»set timeout 


;get status 
»>check for busy 
>but not too long 
>but not too long 


s;return a @ in al 
»return the data segment 


»;timeout failure 


yacort the bubble 
sreturn the data segment 
»yinitialize the bubble 
»;return with alin al 


,op fail mse 


,;abort the bubble 


;return the data segment 
»,initialize the bubble 
pTelUnnmewith ai in al 


Be ee eae ae a eens met Becenc ae wee ee ie Oe OK oe Se Oo Pe ee eo a eK 


Pad 


This routine atvorts the tudbtle memory. = 


Xx 


Se SE RAMA RAKE RAARARAKS 


sinit timeout cntr 
,;load op comp bit 
,;load abort command 
,issue it 


»get status 

»;check for busy 

Pee eousy jump to poll 
»;else decrement cx 

»;Clear ax reggsg 

»yheck timeout count = @ 
»;time left,try busy again 
sreturn with error 


yget status 
»check for status=40h 
sreturn with op comp 





dec Cx ,else decrement timeout cntr 
ZOr ax,ax »;Clear ax 
cmp One, a x ;compare timeout to @ 
juz poll »try again 

reti: 
an div,emds vs ,get status 
mov ox, offset buberrd »atort fail msg 
call Emse 
TOV al,i yreturn alin al 
pop tx a gee 
ret sreturn to system 

mete: 
mov dx ,27500 delay 1@¢ms 

lop : 
xor ax,ax sclear ax 
dec dx saecrement count 
cmp dx,ax ,isS it zero 
jnz FOOL »No-go again 
ret »,yes-returno 

y 

SBR AE RE AR RE SER RR BK A A TR A AE EE RE a aR OR RR RN OK OR OK EO KK OE 

>= x 

7 "Fhis routine writes the values into the * 

s* bubble memory rarametric registers. * 

oo x 

DK MK ME AK SE RE SR SO Ee OE A EO ORK OE OK AE OR OK SK EO EE EE OK OE OOK 

} 

wtreeg: 
MOV alg BETEt set register pointer 
out cmdsts,al ;set pointer in bmc 
mov ox, bdlklen sload block length 

y 
Mov al,bdl >this series of instructions 
out datreg,al scombines tlock length 
mov @ leant c ,;and the nfc value 
Tov Ce >to form a sixteen bit 
shl di, co sword to place in 
or al,bh >the block length 
out datreg,al sregister 

b 
mov al,enable ,;load enable register values 
out datreg,al sand send to bmc 

y 
rov bx ,pageno ,load pageno 

? : 
mov @lepbi >this series of instructions 
out datreg,al ;combines page number 
Mov al,bblnum yand butble number 
mov Crane »,to form a sixteen bit 
sShl ae CL »yword to rlace in 








= 6 


= @ 


= @ 


tusyl: 


pollt: 


al,bdh 
datreg,al 


al,blirpt 
cmdsts,al 
tx ,@geoh 


fle ol 
datreg,al 
al,@i 
cl1l,¢4 
Sow | 
al,bh 
datreg,al 


al,2Oh 
datreg,al 


tx ,pageno 


al,bdl 
datreg,al 
al ,@lh 
clue 

av’, ol 
al,bh 
datreg,al 


exyorriih 
bx ,42b 
al,intcmd 
cmdsts,al 


al,cmdsts 
al ,8&@h 
moll 

Cx 

ax ,ax 
cx,ex 
tusyl 
retail 


x 
x 
* This routine initializes the bubble memcry * 
xx 
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the address 
,register 


Steere et eee et ee eee ee eee ee ee ee ee ee eS ee ete 


«x 


x 


she sie aoe hee ee ME a He MARRS KR CK KAKA KER 


»set pointer 
;set pointer in.bdmc 
,;load init block length 


»;this series of instructions 
»;combines tlock length 

sand the nfc value 

»to form a sixteen bit 

sword to place in 

sthe tlock length 

»;register 


sload enable register values 
sand send to bmc 


yload init page number 


sthis series of instructions 
;combines page number 

,;and bubble number 

sto form a sixteen dit 

sword to place in 

;the address 

»;register 


cet timeout cntr 

load op comp status bit 
load initialize cmd 
S 


yget status 

;check for busy 

,i1f not busy jump 
sdecrement timeout cntr_ 
sclear ax 

,compare timeout to zerg 
ytry again if time left 
ytimeout failure 





in al,cmdsts sget status 


yor al ,4@h scheck if opcomp 
jz retac ,if complete return 
dec Cx sadecrement timeout cntr 
107 ax,ax ;clear ax 
cmp Cl vax ;compare timeout to @ 
jnz por »try again 
retal: 
TOV vxr,offset buberr6 »timeout failure 
Cali! pmse ; 
Lor bx ; 
ret »;return to system 
retac 
* et »;return to routine 
Se oe dir degen dbwaby do pod ae aeap de dp ab ab ib deed ~ Sn dh na do = 
= Data Areas = 
x % 
SB HE OE SAE EE AR AR EE BK OE SRR REO OR OK OEE RO SEK OE ERK OE OE OK OE OR EE OE 
data offset equ offset $ 
dseg 
org data offset »;contiguous with code seg 
IOBYTE db g 
disk db g disk number 
Cchencmd dt 82h sf{orbo channel word 
fo com db 2g 
nsec abd 1 snumber sectors to xfer 
tak db g 
sect ab 4 ;start sector 
lO.4DR Li O208H »sPHYS ADDR FOR SBC2@1 USE 
dmea_eadr dw Q2eCh sDMA adr (default) 
dra_seg dw 2 »DMA Base Segment 
pegeno dw g »;page number for bubble memory 
tempe rw 1 »temporary storage 
constno dw 9@lah ;26 sectors per track 


BOM COM EQU 3 
RDCODE EFQU 4 
ERR CODE DB @@H 
WRCODE FQU 6 


IF — loader dios 
2 eran a 
+ 
‘signon db Crt. cr alt 

db "€?Y/M-G6 Version 14@° ,cr,1f,2 


ENDIF jloader_dios 


OS 





errtol 


erg? 

erl 

Eer2 

ere 

ere 

erd 

eTré 

er? 

er€ 

ers 

er? 

erB 

er 

erD 

erk 

ork 
erig 
ered 
er4e 
er&g 
tulerri 
tuterr2 
Euverrs 
tuberr4é 
tumerrs 
Eviberrs 


not loader_ tio 


Cmeplt.. Crt 
“System Genera 
Cr, 14,79 


i »not loader_bi 


orpelf 
“Interrupt Tra 
cr ,lf ,v 


ery er) were ,ere 
em enro,ero,er? 
er&,er9,erA,erB 
erC,erD,erE,erF 
erlZ@,er2d,er40,er&g 


cr,lf,°Null Error 
cr,lf, Deleted Rec 
Cueln, ckG Error 
cr,lf, Data Overru 
er,lf, “See Error 
erg 

erg 

erd 

cr,lf, Address Err 
or, lm, Write Prote 
om, if, ID CRC Erro 
cr,lf, Write Error 
cr,lf,’ Sector Not 
erg 

cr,lf,° No Address 


S 
ted 2/22/84’ 


OS 


p Halt’ 


me 20 

ord :° ,@ 

“,2 

n-Uncderrun :°,@ 
“,2 


or :°,@ 
Cis 
eR ale 

Beal’ 
Found :°,@ 


Mark :°,@ 


om, lt, Data Mark Error :° ,@2 


erd 

erg 

erB 

cr,1f, Driwe Not R 
cr. iF, Bubble 
Crit Seu bile 
er.i1f. EFupole 
cr,lf, Buble 
cr,lf,° Bubble 
cr,lf, Bubble 


remy cut.db 9 ;aLek GWror sre 


eady :°,@ 

Read Timeout Error:’,@ 
Read Failure: ,@ 

Write Timeout Error:’ ,@2 
Write Failure:’,2 

Abort Failure: ’ ,@ 
Initialize Failure: ,@ 


wey COunter 





; System Memory Segment Table 

segtable db 1 ;1 segrents 

dw tpa seg r1st seg starts after BIOS 

dw tpa len send extends to #8082 

include singles.lib ;read in disk definitions 


loc stk rw 32 jlocal stack for initialization 
stkbase equ offset $ 


lastoff equ offset $ 
tpa see equ (lastoff+0400h+15) / 16 


tra_ len equ @FOCh - tpa seg 
db @ »>fill last address for GENCMD 
SR DEE RR AS BE BR RAK A OB OR OR SE A ER OR OR OK OE OE BK KR Oe OE OE a 
‘3 = 
iu Dummy Data Section * 
ex So 
2 EAR SAA OA a A RA A SK CO 
dseg Z sabsolute low memory 
org g s(interruztt vectors) 
intg offset Tw 1 
int@ seement EW 1 
; pad to system call vector 
Pw <*(bddos_int-1) 
tdos offset rw 1 
tdos segment rw al 
END 


rtry_cot dd @ »disk error retry counter 
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